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(57) An object of the invention is to provide an anom- 
aly diagnosis apparatus of a machine installation for 
eliminating the need for the user to have a dedicated 
analytical instrument or a skill required for anomaly di- 
agnosis of a sliding member and enabling the user to 
easily make an anomaly diagnosis request with a small 
burden and get the diagnosis result promptly. 

In the invention, an anomaly diagnosis apparatus 
for analyzing sound or vibration data produced by a ma- 
chine installation and diagnosing the presence or ab- 
sence of an anomaly in a sliding member in the machine 
installation is made up of a diagnosis processing server 
(1) and a user information processing terminal (3) which 
are connected through a network (2). The diagnosis 
processing server (1 ) receives the sound or vibration da- 
ta produced by the machine installation and information 
for identifying the sliding member used with the machine 
installation through the network (2) from the user infor- 
mation processing terminal 3, makes an anomaly diag- 
nosis of the machine installation based on the received 
data, and transmits the diagnosis result through the net- 
work (2) to the user information processing terminal (3), 
thereby lightening the burden of the user and executing 
anomaly diagnosis processing promptly. 
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Description 

<Technical Field> 

[0001] This invention relates to an anomaly diagnosis 
apparatus and method of a machine installation using a 
network for diagnosing the presence or absence of an 
anomaly in a sliding member used with a machine in- 
stallation. 

<Background Art> 

[0002] A system for detecting sound or vibration pro- 
duced from a machine installation using a sliding mem- 
ber as a vibration element, performing processing of fre- 
quency analysis, etc., for detected data, and detecting 
an anomaly and estimating the cause of the anomaly, 
etc., in the sliding member used with the machine instal- 
lation based on obtained analysis data is well known. 
[0003] By the way, the sliding members used with the 
machine installation include bearings, ball screws, line- 
ar guides, motors, etc., for example; the sliding mem- 
bers involve a large number of types and are used at 
various places and in various environments. 
[0004] Therefore, the factors of sound or vibration 
caused by the sliding members are complicated and to 
analyze the factors and make a highly reliable anomaly 
diagnosis, usually a dedicated analytical instrument and 
a skill for making a diagnosis become necessary. How- 
ever, usually the user of the machine installation does 
not have such a skill required for making a diagnosis or 
a dedicated analytical instrument. 
[0005] Then, whenever the user wants to conduct an 
anomaly diagnosis of a sliding member in a routine 
check, etc., for example, the user passes data of sound 
or vibration produced by the machine installation to be 
subjected to a diagnosis to a machine installation man- 
ufacturer, etc., having a necessary skill and a dedicated 
analytical instrument, and makes a diagnosis request. 
[0006] FIG. 46 shows a related art example of an 
anomaly diagnosis apparatus of a machine installation 
placed in a machine installation manufacturer, etc., as 
a dedicated analytical instrument for diagnosing the 
presence or absence of an anomaly in a sliding member. 
[0007] An anomaly diagnosis apparatus 901 shown 
here assumes that a slidingmember built in a machine 
installation is a rolling bearing made up of a plurality of 
parts for rotating and sliding. 

[0008] As the anomaly diagnosis apparatus 901 of a 
machine installation, a diagnosis program 905 and de- 
termination criterion data 907 for the diagnosis are built 
in an information processing apparatus (computer) 903 
managed by the manufacturer, etc., designing the ma- 
chine installation and when a user 909 using the ma- 
chine installation requests the manufacturer to diagnose 
the presence or absence of an anomaly in the machine 
installation, the manufacturer processes actual meas- 
urement vibration data recording sound or vibration oc- 



curring at the operation time of the machine installation 
of the user 909 by the diagnosis program 905 of the in- 
formation processing apparatus 903 for diagnosing the 
presence or absence of an anomaly, and responds to 
5 the user 909 with the diagnosis result. 

[0009] Asthe determination criterion data 907, the fre- 
quency component of vibration occurring when a spe- 
cific part of the sliding member used with the machine 
installation is abnormal and the standard peak level in 
the frequency component are calculated from the spec- 
ifications, etc., of the sliding member and are set; the 
determination criterion data 907 is stored in a data stor- 
age section 911 of the information processing apparatus 
903. 

[001 0] Usually, for example, various databases useful 
for diagnosis processing, such as a sound/vibration da- 
tabase 971 storing the determination criterion data 907, 
a customer information database 981 storing informa- 
tion concerning the users using the machine installa- 
tions to be diagnosed, and a measure database 991 
storing information of measures, etc. , returned to the us- 
er in response to the abnormal condition, are construct- 
ed in the data storage section 911 . 
[0011] The diagnosis program 905 is made up of an 
actual measurement data analysis program 912 for per- 
forming appropriate analysis processing of envelope 
analysis, etc., for the actual measurement vibration data 
obtained from the user and generating actual measure- 
ment frequency spectrum data, for example, and a de- 
termination program 91 3 for diagnosing the presence or 
absence of an anomaly by comparing the analysis result 
of the actual measurement data analysis program 912 
with the determination criterion data 907. 
[0012] The determination program 913 adopts as the 
data stored in the determination criterion data 907 the 
frequency component occurring when a specific part of 
the machine installation is abnormal as the determina- 
tion criterion, for example, and determines the presence 
or absence of an anomaly in the machine installation 
and locates the anomaly occurrence point based on 
whether or not a peak value of a given level or more 
appears at the determination criterion position on the ac- 
tual measurement frequency spectrum data of the anal- 
ysis result of the actual measurement data analysis pro- 
gram 912. 

[0013] However, in the related art, the data required 
for a diagnosis is transferred by mail, etc., or in both the 
user and the manufacturer, time and labor of the per- 
sons in charge, etc., are required for sending and re- 
ceiving an anomaly diagnosis request and therefore the 
diagnosis result cannot promptly be provided; this is a 
problem. 

[0014] Since sound or vibration which occurs varies 
largely depending on the specification data and use con- 
ditions of the sliding member used with the machine in- 
stallation, it becomes necessary to enter the specifica- 
tion data and use conditions to make a precise diagno- 
sis. 
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[001 5] However, it is not easy for the user to prepare 
a document describing the specification data, use con- 
ditions, etc., whenever the user makes an anomaly di- 
agnosis request, and arrangements for the data and use 
conditions required for a diagnosis place a large burden 
on the user, resulting in a problem of making it impossi- 
ble to easily make an anomaly diagnosis. 
[001 6] Further, the anomaly diagnosis apparatus 901 
in the related art described above involves the following 
problems: 

[0017] As processing of the determination program 
91 3, the anomaly diagnosis apparatus 901 in the related 
art described above repeats computation processing of 
finding a large number of frequency components at the 
anomaly time from the first order tomulti-order for each 
specific part of the machine installation predetermined 
and making a diagnosis as to whether or not a peak ap- 
pears on the frequency spectrum data of the sliding 
member of the machine installation actually measured 
for each of the many frequency components and com- 
putation processing of making a diagnosis as to whether 
or not the peak value on the frequency spectrum data 
is a peak level corresponding to an anomaly. 
[0018] Thus, the computation processing amount un- 
til the final diagnosis is reached becomes enormous, 
and a large load is imposed on computation processing 
means and thus an expensive computer having a high 
computation processing capability becomes necessary, 
resulting in an increase in the apparatus cost and as the 
required time for computation processing is prolonged, 
it becomes difficult to speed up the diagnosis work; this 
is a problem. 

[0019] To finish diagnosis processing of a plurality of 
users promptly as much as possible, a high-perform- 
ance computer having a high computation processing 
capability becomes necessary as the information 
processing apparatus 903, and a problem of increasing 
the construction cost of a computer system as the diag- 
nosis apparatus occurs. 

[0020] if user's diagnosis requests concentrate, start- 
ing of handling of some requests is delayed and thus 
the required time until the final diagnosis is reached is 
further increased and even if a computer having a high 
computation processing capability is adopted as the in- 
formation processing apparatus 903, a problem of mak- 
ing it difficult to make a rapid response also occurs. 
[0021] Further, the user needs to transmit actual 
measurement vibration data to the manufacturer and 
the time required for transmitting the actual measure- 
ment vibration data from the user to the manufacturer 
also becomes a factor causing a delay in diagnosis 
processing. 

[0022] Amethod of repeating computation processing 
of checking to see if each frequency spectrum after un- 
dergoing frequency analysis involves a frequency com- 
ponent caused by a sliding member of a machine instal- 
lation in the descending order of spectrum level without 
picking up the peak value, etc., and without determining 



the frequency at which a peak occurs due to an anomaly, 
etc., also becomes widespread as the comparison 
processing of the determination program in the related 
art to detect an anomaly. 

s [0023] In such a method, however, calculation load 
and time loss are heavy, resulting in a delay in process- 
ing; this is a problem. Although an anomaly occurs, if a 
peak appearing in the frequency spectrum is small, the 
anomaly is missed and overlooked or when the spec- 

io trum level is high because of the effect of noise, if it does 
not correspond to the peak value, there is a fear of an 
erroneous diagnosis as an anomaly, and it is difficult to 
improve reliability of diagnosis; this is also a problem. 
[0024] In the anomaly diagnosis method in the related 

*5 art, if noise is put on the harmonic of a frequency com- 
ponent caused by an anomaly in the sliding member of 
the machine installation or a member relevant to the slid- 
ing member of the machine installation, if frequency 
components of rotation components, etc., in the sliding 

20 member or the member relevant to the sliding member 
overlap, or if the harmonic of a frequency component 
not caused by the anomaly in the sliding member or the 
member relevant to the sliding member and the frequen- 
cy component caused by the anomaly overlap, there is 

25 a fear of an erroneous diagnosis as an anomaly be- 
cause of the effect of the harmonic if actually the sliding 
member, the member relevant to the sliding member, 
etc., is normal. 

[0025] Then, in the related art, the person in charge 

30 of diagnosis for managing the anomaly diagnosis appa- 
ratus of the machine installation checks actual meas- 
urement data provided by vibration detection means 
each time, extracts a region in which a noise component 
seems to be small from the actual measurement data 

35 provided by the vibration detection means, and exe- 
cutes conversion processing to frequency spectrum da- 
ta and later comparison processing for the extracted ef- 
fective actual measurement data, thereby preventing 
degradation of reliability of diagnosis. 

40 [0026] The person in charge of diagnosis checks to 
see if a noise component exists, for example, by visually 
checking whether or not a given or more peak value ap- 
pears on the vibration waveform detected by the vibra- 
tion detection means. 

45 [0027] Noise is detected by the vibration detection 
means in a state in which it is added to sound or vibration 
occurring in the machine installation containing the slid- 
ing member, and often makes excessive the peak level 
of the waveform. 

50 [0028] However, removal of the noise component by 
the person in charge of diagnosis interrupts processing 
of the anomaly diagnosis apparatus of the machine in- 
stallation and thus incurs a drastic delay in the diagnosis 
processing; this is a problem. 

55 [0029] An output unit is required for displaying the ac- 
tual measurement data detected by the vibration detec- 
tion means in such a manner that the person in charge 
of diagnosis can check the actual measurement data, 



3 



5 



EP1 338 873 A1 



6 



and there is a problem of increasing the cost of the 
anomaly diagnosis apparatus of the machine installa- 
tion to install the output unit. 

[0030] Further, the noise component removal per- 
centage is affected by the skill degree of the person in 5 
charge of diagnosis and variations easily occur in relia- 
bility of diagnosis; this is also a problem. 
[0031] The invention is embodied considering the 
problems described above and it is an object of the in- 
vention to provide an anomaly diagnosis apparatus of a 10 
machine installation for enabling the user to easily make 
an anomaly diagnosis request with a small burden and 
moreover get the diagnosis result promptly and deal 
with occurrence of the anomaly rapidly if the user does 
not have a dedicated analytical instrument or a skill re- 15 
quired for anomaly diagnosis of a sliding member, fur- 
ther to provide an anomaly diagnosis apparatus of a ma- 
chine installation for enabling diagnosis processing to 
be performed in any desired information processing ter- 
minal owned by the user for speeding up the diagnosis 20 
processing, and further to provide an anomaly diagnosis 
method of a machine installation for making it possible 
to decrease the calculation load for anomaly diagnosis 
and detect the presence or presence of an anomaly in 
a short time with good accuracy. 25 

<Disclosure of the lnvention> 

[0032] To accomplish the object, according to the in- 
vention, there is provided 30 

(1) an anomaly diagnosis apparatus of a machine 
installation for diagnosing the presence or absence 
of an anomaly in a sliding member used with the 
machine installation using sound, vibration, or tern- 35 
perature produced from the machine installation, 
the anomaly diagnosis apparatus having: 



The information transmitted by the user infor- 
mation processing terminal to the diagnosis 



processing server as the information for identifying 
the sliding members also includes use condition in- 
formation of the one or more sliding members. The 
diagnosis processing server performs anomaly di- 
agnosis processing considering the use condition 
information of the sliding members received from 
the user information processing terminal. 

The anomaly diagnosis conducted by the diag- 
nosis processing server includes determination of 
the presence or absence of an anomaly in the ma- 
chine installation and estimation of the anomaly 
cause. 

For example, bearings, ball screws, linear 
guides, motors, etc., come under the sliding mem- 
bers. 

In the described anomaly diagnosis apparatus 
of the machine installation , when the user of the ma- 
chine installation wants diagnosis of the presence 
or absence of an anomaly in the sliding member 
used with the machine installation, if the user trans- 
mits the sound or vibration data at the use point of 
the sliding member on the machine installation re- 
quired for the anomaly diagnosis, the information 
identifying the sliding member, the sliding member 
use condition information, etc., from the user infor- 
mation processing terminal through the network to 
the diagnosis processing server, the diagnosis 
processing server automatically executes anomaly 
diagnosis processing based on the received data 
and further transmits the diagnosis result through 
the network to the user information processing ter- 
minal. 

To execute periodic anomaly diagnosis, for ex- 
ample, for one or more sliding members on the ma- 
chine installation, if the use conditions of the sliding 
member and the information for identifying the slid- 
ing member transmitted by the userto the diagnosis 
processing server are once prepared and stored in 
a storage unit, etc., of the user information process- 
ing terminal, unless the information is changed, it 
can be used repeatedly, similar information need 
not be prepared from the beginning each time an 
anomaly diagnosis request is made, and the burden 
required for preparing information required for mak- 
ing an anomaly diagnosis request can be lightened 
drastically. 

Further, an anomaly diagnosis request is sent 
directly to the diagnosis processing server that can 
automatically execute anomaly diagnosis process- 
ing not via a window job for the person in charge to 
accept the request manually, and the requested di- 
agnosis processing is executed promptly within the 
scope of the information processing performance of 
the diagnosis processing server, so that the user 
can get the diagnosis result early. 

To accomplish the object, according to the in- 
vention, there is provided 

(2) an anomaly diagnosis apparatus of a machine 
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15 



20 



25 



a diagnosis processing server and the user in- 
formation processing terminal connected to a 40 
network, characterized in that 
the user information processing terminal trans- 
mits sound, vibration, or temperature data pro- 
duced from one or more sliding members used 
with the machine installation and information *5 
for identifying the one or more sliding members 
to the diagnosis processing server, and that 
the diagnosis processing server makes an 
anomaly diagnosis of the machine installation 
based on the transmitted sound, vibration, or so 
temperature data and specification data of the 
one or more sliding members based on the in- 
formation for identifying them, and transmits 
the diagnosis result to the user information 
processing terminal. 55 
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installation wherein an actual measurement data 
analysis program for analyzing actual measure- 
ment vibration data recording sound or vibration 
produced when a sliding member used with the ma- 
chine installation operates, determination criterion s 
data recording information used as a determination 
criterion of the presence or absence of an anomaly 
in the sliding member used with the machine instal- 
lation, and a determination program for comparing 
the analysis result of the actual measurement data 10 
analysis program with the determination criterion 
data and diagnosing the presence or absence of an 
anomaly in the sliding member are previously up- 
loaded to a diagnosis processing server connected 
to a network in an executable data format in an in- 15 
formation processing terminal of the user using the 
machine installation so as to enable the programs 
and the data to be downloaded into the user infor- 
mation processing terminal, characterized in that 

the user of the machine installation down- 20 
loads the actual measurement data analysis pro- 
gram, the determination program, and the determi- 
nation criterion data through the network into the us- 
er's information processing terminal, inputs the ac- 
tual measurement vibration data through an inter- 25 
face to the user's information processing terminal 
whenever necessary, and executes the actual 
measurement data analysis program and the deter- 
mination program in the user's information process- 
ing terminal for diagnosing the presence or absence 30 
of an anomaly in the sliding member used with the 
machine installation in the user's information 
processing terminal. 

The machine installation contains one or more 
sliding members and means a machine installation 35 
or a machine wherein vibration occurs as the sliding 
members slide. The sliding members also include 
ball screws, linear guides, motors, etc., for example, 
in addition to rolling bearings. 

In the described anomaly diagnosis apparatus 40 
of the machine installation, to diagnose the pres- 
ence or absence of an anomaly in the machine in- 
stallation, the diagnosis processing of the diagnosis 
program is performed in the information processing 
terminal installed in the user, so that the user is 45 
saved fromhaving to transmit the actual measure- 
ment vibration data recording sound or vibration 
produced by the machine installation to be diag- 
nosed to the manufacturer, and labor and time re- 
quired for transmitting the actual measurement vi- so 
bration data to the manufacturer can be saved. 

The diagnosis processing server to which the 
actual measurement data analysis program, the de- 
termination program, and the determination criteri- 
on data required for the diagnosis processing are 55 
uploaded is used to download the programs and the 
determination criterion data and does not execute 
the diagnosis processing itself and therefore con- 



centrating of the diagnosis processing of a large 
number of users on one information processing ap- 
paratus can be circumvented. 

Further, the actual measurement data analysis 
program, the determination program, and the deter- 
mination criterion data required for the diagnosis 
processing are downloaded into the information 
processing terminal of the user via the network and 
can be introduced into any desired information 
processing terminal of the user if the information 
processing terminal has a predetermined commu- 
nication function and program execution perform- 
ance, and the diagnosis processing can be left to 
any idle information processing apparatus of the us- 
er. 

Further, concentrating of the diagnosis 
processing of a large number of users on one infor- 
mation processing apparatus need not be consid- 
ered as described early, so that it can be expected 
that even an information processing apparatus hav- 
ing a not so high computation processing capability 
will perform comparatively rapid processing. 

(3) To accomplish the object, in the anomaly diag- 
nosis apparatus of the machine installation de- 
scribed above in (2), the Internet is used as the net- 
work. 

In the described anomaly diagnosis apparatus 
of the machine installation, the Internet already con- 
structed as a wide-area network and also promoted 
to broadband for realizing high-speed communica- 
tions is used as the network for downloading, so that 
there is no extra cost for constructing, improving, 
etc., a dedicated network and a large number of us- 
ers can use the diagnosis system easily and at low 
cost. 

(4) To accomplish the object, in the anomaly diag- 
nosis apparatus of the machine installation de- 
scribed above in (2) or (3); an authentication pro- 
gram for comparing with customer information data 
of information required for authenticating the user 
using the machine installation and allowing the user 
to download the actual measurement data analysis 
program, the determination program, and the deter- 
mination criterion data when authenticating the user 
accessing the diagnosis processing server as the 
authorized user is built in the diagnosis processing 
server. 

In the described anomaly diagnosis apparatus 
of the machine installation, it is made possible for 
the diagnosis processing server to manage the ver- 
sions, etc., of the diagnosis program and the deter- 
mination criterion data required by the user in more 
detail with the authentication program and the cus- 
tomer data in association with each other, for exam- 
ple; it is made possible to realize reliable download- 
ing the optimum diagnosis program and the deter- 
mination criterion data without placing any burden 
on the user accessing the diagnosis processing 
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server 

(5) To accomplish the object, in the anomaly diag- 
nosis apparatus of the machine installation de- 
scribed above in any of (2) to (4), a protect program 

for limiting the number of use times or the expiration 5 
date in the downloading information processing ter- 
minal is added to the programs and the data down- 
loaded from the diagnosis processing server into 
the user information processing terminal. 

In the described anomaly diagnosis apparatus 10 
of the machine installation, illegal repeated use or 
drain of the diagnosis processing program and the 
determination criterion data downloaded into the 
user can be prevented and erroneous use of the 
program and the data for anomaly diagnosis of a 15 
different type of machine installation or the like can 
be prevented. 

To accomplish the object, according to the in- 
vention, there is provided 

(6) an anomaly diagnosis method of a machine in- 20 
stallation for diagnosing the presence or absence 

of an anomaly in a sliding member used with the 
machine installation by analyzing sound or vibration 
produced from the machine installation, character- 
ized by: 25 

detecting a signal representing sound or vibra- 
tion from the sliding member of the machine in- 
stallation or a member relevant to the sliding 
member of the machine installation ; 30 
finding a frequency spectrum of the detected 
signal or an envelope signal thereof; and 
extracting only a frequency component caused 
by an anomaly in the sliding member of the ma- 
chine installation or the member relevant to the 35 
sliding member of the machine installation from 
the found frequency spectrum and diagnosing 
the presence or absence of an anomaly in the 
sliding member used with the machine installa- 
tion based on the magnitude of the extracted *o 
frequency component. 

The anomaly diagnosis method of the machine 
installation according to the invention is character- 
ized by the fact that 45 

(7) in the anomaly diagnosis method described 
above in (6), the presence or absence of an anom- 
aly is diagnosed by comparing with a reference val- 
ue determined in response to the effective value of 

the detected signal or the envelope signal thereof, so 

In the described anomaly diagnosis method of 
the machine installation, only specific frequency 
components are extracted from the frequency spec- 
trum of an envelope signal of vibration occurring 
from the bearing and are compared with the refer- 55 
ence value determined in response to the effective 
value of the envelope signal, so that the computa- 
tion processing amount is lessened and speeding 



up the diagnosis processing can be promoted as 
compared with the related art method of checking 
to see if each frequency component is caused by 
the sliding member of the machine installation in the 
descending order of spectrum levels after frequen- 
cy analysis. If the spectrum level peak of the fre- 
quency component caused by the sliding member 
of the machine installation is small, the components 
can be extracted and thus a highly accurate diag- 
nosis is made possible. 

To accomplish the object, according to the in- 
vention, there is provided 
(8) an anomaly diagnosis method of a machine in- 
stallation for detecting sound or vibration produced 
from a sliding member of the machine installation 
or a member relevant to the sliding member of the 
machine installation, analyzing a detection signal, 
and diagnosing the presence or absence of an 
anomaly caused by the sliding member of the ma- 
chine installation or the member relevant to the slid- 
ing member of the machine installation, character- 
ized by: 

converting an analog signal of sound or vibra- 
tion produced from the sliding member of the ma- 
chine installation or the member relevant to the slid- 
ing member of the machine installation into digital 
form to generate actual measurement digital data, 
performing appropriate analysis processing of fre- 
quency analysis, envelope analysis, and the like for 
the generated actual measurement digital data to 
generate actual measurement frequency spectrum 
data, calculating the level difference between each 
arbitrary data point and its immediately preceding 
data point and a gradient to find a peak value for 
the generated actual measurement frequency 
spectrum data, and comparing a peak value on the 
actual measurement frequency spectrum data for 
the frequency component caused by anomaly in the 
sliding member of the machine installation or the 
member relevant to the sliding member of the ma- 
chine installation, thereby diagnosing the presence 
or absence of an anomaly in the sliding member of 
the machine installation or the member relevant to 
the sliding member of the machine installation. 

In the described anomaly diagnosis method of 
the machine installation, to conduct frequency anal- 
ysis or envelope analysis on the signal provided by 
detecting sound or vibration at the bearing use point 
and extract frequency peaks from the actual meas- 
urement frequency spectrum data provided accord- 
ingly, for the actual measurement frequency spec- 
trum data, the level difference between each arbi- 
trary data point and its immediately preceding data 
point and a gradient are calculated to find a peak 
value, so that extracting of a valley can be circum- 
vented and higher-accuracy diagnosis is made pos- 
sible as compared with the case of extracting from 
frequency components of large spectrum levels. 
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To accomplish the object, according to the in- 
vention, there is provided 

(9) an anomaly diagnosis method of a machine in- 
stallation for detecting sound or vibration produced 
from a sliding member of the machine installation 5 
or a member relevant to the sliding member of the 
machine installation, analyzing a detection signal, 
and diagnosing the presence or absence of an 
anomaly caused by the sliding member of the ma- 
chine installation or the member relevant to the slid- to 
ing member of the machine installation, character- 
ized by: 

converting an analog signal of sound or vibra- 
tion produced from the sliding member of the ma- 
chine installation or the member relevant to the slid- is 
ing member of the machine installation into digital 
form to generate actual measurement digital data, 
selecting any desired time domain forthe generated 
actual measurement digital data, performing appro- 
priate analysis processing of frequency analysis, 20 
envelope analysis, etc., for data in the selected time 
domain to generate actual measurement frequency 
spectrum data, calculating the level difference be- 
tween each arbitrary data point and its immediately 
preceding data point and a gradient to find a peak 25 
value for the generated actual measurement fre- 
quency spectrum data, and comparing a peak value 
on the actual measurement frequency spectrum da- 
ta for the frequency component caused by anomaly 
in the sliding member of the machine installation or 30 
the member relevant to the sliding member of the 
machine installation, thereby diagnosing the pres- 
ence or absence of an anomaly in the sliding mem- 
ber of the machine installation or the member rele- 
vant to the sliding member of the machine installa- 35 
tion. 

To accomplish the object, according to the in- 
vention, there is provided 

(1 0) an anomaly diagnosis method of a machine in- 
stallation for detecting sound or vibration produced 40 
from a sliding member of the machine installation 

or a member relevant to the sliding member of the 
machine installation, analyzing a detection signal, 
and diagnosing the presence or absence of an 
anomaly caused by the sliding member of the ma- 45 
chine installation or the member relevant to the slid- 
ing member of the machine installation, character- 
ized by: 

converting an analog signal of sound or vibra- 
tion produced from the sliding member of the ma- so 
chine installation or the member relevant to the slid- 
ing member of the machine installation into digital 
form to generate actual measurement digital data, 
selecting any desired time domain forthe generated 
actual measurement digital data, performing appro- ss 
priate analysis processing of frequency analysts, 
envelope analysis, etc., for data in the selected time 
domain to generate actual measurement frequency 



spectrum data, selecting any desired frequency do- 
main for the generated actual measurement spec- 
trum data, filtering assuming that the selected fre- 
quency domain is a filter band to generate new ac- 
tual measurement frequency spectrum data, calcu- 
lating the level difference between each arbitrary 
data point and its immediately preceding data point 
and a gradient to find a peak value for the generated 
actual measurement frequency spectrum data, and 
comparing a peak value on the actual measurement 
frequency spectrum data for the frequency compo- 
nent caused by anomaly in the sliding member of 
the machine installation or the member relevant to 
the sliding member of the machine installation, 
thereby diagnosing the presence or absence of an 
anomaly in the sliding member of the machine in- 
stallation or the member relevant to the sliding 
member of the machine installation. 

Thus, in the anomaly diagnosis method of the 
machine installation described above in (9) or (10), 
the user can use the pointing device 215 such as a 
mouse to select the analysis range and the filtering 
range for any desired waveform range in the time 
waveform after AD conversion and the spectrum 
waveform after frequency analysis, so that a signal 
having a high S/N ratio can be extracted by simple 
operation and higher-accuracy diagnosis is made 
possible. 

The anomaly diagnosis method of the machine 
installation according to the invention is character- 
ized by the fact that 

(11) in the anomaly diagnosis method described 
above in any of (6) to (10), the frequency compo- 
nent caused by anomaly in the sliding member of 
the machine installation or the member relevant to 
the sliding member of the machine installation cor- 
responds to an abnormal part of the machine instal- 
lation or a machine. 

The anomaly diagnosis method of the machine 
installation according to the invention is character- 
ized by the fact that 

(12) in the anomaly diagnosis method described 
above in any of (6) to (10), the frequency compo- 
nent caused by anomaly in the sliding member of 
the machine installation or the member relevant to 
the sliding member of the machine installation is a 
frequency component caused by an anomaly of a 
bearing used with the machine installation. 

In the anomaly diagnosis method according to 
the invention, the peak value used as the determi- 
nation criterion useful for decreasing the calculation 
load at the diagnosis processing time and improving 
the reliability of the diagnosis may be found by first 
detecting sound or vibration produced from the slid- 
ing member of the machine installation or the mem- 
ber relevant to the sliding member of the machine 
installation and next converting the analog signal of 
the detected sound or vibration into digital form to 
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generate actual measurement digital data and then 
calculating the level difference between each arbi- 
trary data point and its immediately preceding data 
point and a gradient for the generated actual meas- 
urement frequency spectrum data without finding 5 
the peak value for the waveform already subjected 
to frequency analysis or envelope analysis as de- 
scribed above in (8) to (10). 

To accomplish the object, according to the in- 
vention, there is provided 10 
(1 3) an anomaly diagnosis method of a machine in- 
stallation for diagnosing the presence or absence 
of an anomaly in a sliding member, etc., of the ma- 
chine installation by analyzing sound or vibration 
produced by the machine installation containing the *5 
sliding member, characterized by: 

detecting a signal representing sound or vi- 
bration produced by the sliding member, etc., of the 
machine installation, generating actual measure- 
ment frequency spectrum data of a frequency spec- 20 
trum of the detected signal or an envelope signal 
thereof, executing a basic frequency component 
comparison process of checking whether or not the 
frequency at an appearance point of a peak equal 
to or higher than a reference level on the actual 25 
measurement frequency spectrum data matches 
the basic frequency at which a peak appears be- 
cause of an anomaly in a specific part of the sliding 
member, etc., and when the frequency at the ap- 
pearance point of the peak equal to or higher than 30 
the reference level on the actual measurement fre- 
quency spectrum data matches the basic frequency 
in the basic frequency component comparison proc- 
ess, executing a low-frequency component com- 
parison process of checking the presence or ab- 35 
sence of a frequency component having a peak 
equal to or higher than the reference level in a low- 
frequency range equal to or less than the basic fre- 
quency on the actual measurement frequency 
spectrum data; 40 

when the actual measurement frequency 
spectrum data does not have a peak equal to or 
higher than the reference level in the low-frequency 
range equal to or less than the basic frequency in 
the low-frequency component comparison process, 45 
diagnosing the sliding member, etc., as an anomaly 
in the specific part; 

when the actual measurement frequency 
spectrum data has a peak equal to or higher than 
the reference level in the low-frequency range equal so 
to or less than the basic frequency in the low-fre- 
quency component comparison process, further ex- 
ecuting a harmonic component comparison proc- 
ess of determining whether or not the harmonic of 
the frequency component having the peak equal to 55 
or higher than the reference level in the low-fre- 
quency range equal to or less than the basic fre- 
quency matches the basic frequency; and 



when the harmonic of the frequency compo- 
nent having the peak equal to or higher than the ref- 
erence level in the low-frequency range equal to or 
less than the basic frequency does not match the 
basic frequency in the harmonic component com- 
parison process, diagnosing the sliding member, 
etc., as an anomaly in the specific part; when the 
harmonic matches the basic frequency, diagnosing 
the sliding member, etc., as no anomaly in the spe- 
cific part. 

The expression "sliding member, etc., of ma- 
chine installation" mentioned above is used to mean 
that the sliding member of the machine installation 
and a sliding member relevant member joined to the 
sliding member or supporting the sliding member in 
the machine installation are included. 

For example, bearings, ball screws, linear 
guides, motors, etc., come under the sliding mem- 
bers. 

in the described anomaly diagnosis method of 
the machine installation, the basic frequency com- 
ponent comparison process of checking whether or 
not the frequency at an appearance point of a peak 
equal to or higher than a reference level on the ac- 
tual measurement frequency spectrum data match- 
es the basic frequency at which a peak appears be- 
cause of an anomaly in a specific part of the sliding 
member, etc., is executed. If the frequency at the 
appearance point of the peak equal to or higherthan 
the reference level on the actual measurement fre- 
quency spectrum data matches the basic frequency 
in the basic frequency component comparison proc- 
ess, subsequently the low-frequency component 
comparison process and the harmonic component 
comparison process are executed without immedi- 
ately diagnosing the sliding member, etc., as an 
anomaly. 

If the low-frequency component comparison 
process and the harmonic component comparison 
process are executed, whether or not the peak 
equal to or higher than the reference level in the ba- 
sic frequency on the actual measurement frequen- 
cy spectrum data is caused by any other factor of 
overlap of frequency components of rotation com- 
ponents, etc., of the sliding member, etc., the effect 
of harmonic, etc., for example, ratherthan an anom- 
aly of damage, etc., in the sliding member. 

Thus, when the frequency at the appearance 
point of the peak equal to or higher than the refer- 
ence level on the actual measurement frequency 
spectrum data matches the basic frequency in the 
basic frequency component comparison process, 
further the low-frequency component comparison 
process and the harmonic component comparison 
process are executed, whereby erroneous diagno- 
sis of assuming that the peak caused by any other 
factor of overlap of frequency components of rota- 
tion components, etc., of the sliding member, etc., 
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the effect of harmonic, etc., is caused by an anom- 
aly in the sliding member, etc. , can be circumvented 
and the reliability of diagnosing the presence or ab- 
sence of an anomaly in the sliding member, etc., 
can be improved. s 

To accomplish the object, according to the in- 
vention, there is provided 

(14) an anomaly diagnosis method of a machine in- 
stallation for detecting sound or vibration produced 
from a sliding member of the machine installation, 10 
analyzing a detected vibration signal, and diagnos- 
ing the presence or absence of an anomaly caused 

by the sliding member, characterized by: 

converting an analog signal of sound or vibra- 
tion produced from the sliding member into a digital 15 
signal to generate actual measurement digital data, 
performing appropriate analysis processing of fre- 
quency analysis, envelope analysis, and the like for 
the actual measurement digital data to generate ac- 
tual measurement frequency spectrum data, anddi- 20 
agnosing the presence or absence of an anomaly 
in a specific part of the sliding member of the ma- 
chine installation based on the presence or ab- 
sence of a peak on the actual measurement fre- 
quency spectrum data for first-order, second-order, 25 
fourth-order value of frequency component occur- 
ring when the specific part of the sliding member is 
abnormal. 

To accomplish the object, according to the in- 
vention, there is provided 30 

(15) an anomaly diagnosis apparatus of a machine 
installation for detecting sound or vibration pro- 
duced from a sliding member of the machine instal- 
lation, analyzing a detected vibration signal, and di- 
agnosing the presence or absence of an anomaly 35 
caused by the sliding member of the machine in- 
stallation, the anomaly diagnosis apparatus includ- 
ing: 

AD conversion means for converting an ana- 
log signal of sound or vibration produced from the *o 
sliding member of the machine installation into a 
digital signal to generate actual measurement dig- 
ital data, and computation processing means for 
performing appropriate analysis processing of fre- 
quency analysis, envelope analysis, and the like for 45 
the actual measurement digital data to generate ac- 
tual measurement frequency spectrum data, and di- 
agnosing the presence or absence of an anomaly 
in a specific part of the sliding member based on 
the presence or absence of a peak on the actual so 
measurement frequency spectrum data for first-or- 
der, second-order, fourth-order value of frequency 
component occurring when the specific part of the 
sliding member is abnormal. 

According to the anomaly diagnosis method 55 
and apparatus of the machine installation described 
above in (14) and (15), the comparison process of 
checking the presence or absence of a peak on the 



actual measurement frequency spectrum data cor- 
responding to frequency components occurring 
when each specific part of the sliding member of the 
machine installation is abnormal is limited to three 
times of the first-order, second-order, and fourth-or- 
der values of the frequency components occurring 
when the specific part of the sliding member of the 
machine installation is abnormal and therefore the 
computation processing amount in the comparison 
process is drastically decreased and the load on the 
computation processing means is drastically light- 
ened as compared with the related art case where 
the comparison process is repeated for all of a large 
number of frequency components of first-order to 
high-order frequency components, for example. 

Further, since the comparison process is exe- 
cuted three times of the first-order, second-order, 
and fourth-order values of the frequency compo- 
nents occurring when the specific part of the sliding 
member of the machine installation is abnormal, er- 
roneous diagnosis caused by the effect of noise, 
etc., is hard to occur and highly reliable diagnosis 
is made possible as compared with the case where 
a determination is made based only on the first-or- 
der component of frequency components occurring 
under abnormal condition. 

The anomaly diagnosis method of the machine 
installation according to the invention is character- 
ized by the fact that 

(16) in the anomaly diagnosis method and appara- 
tus of the machine installation described above in 
(14), after generating the actual measurement fre- 
quency spectrum data, an effective value of the ac- 
tual measurement frequency spectrum data is cal- 
culated, a threshold value is set based on the effec- 
tive value, and the peak on the actual measurement 
frequency spectrum data for the first-order, second- 
order, fourth-order value of the frequency compo- 
nent occurring when the specific part of the sliding 
member 403 is abnormal is handled as the effective 
peak only when the peak exceeds the threshold val- 
ue. 

The anomaly diagnosis apparatus of the ma- 
chine installation according to the invention is char- 
acterized by the fact that 

(1 7) in the anomaly diagnosis apparatus of the ma- 
chine installation described above in (15), after gen- 
erating the actual measurement frequency spec- 
trum data, the computation processing means 413 
calculates an effective value of the actual measure- 
ment frequency spectrum data, sets a threshold val- 
ue based on the effective value, and handles the 
peak on the actual measurement frequency spec- 
trum data for the first-order, second-order, fourth- 
order value of the frequency component occurring 
when the specific part of the sliding member 403 is 
abnormal as the effective peak only when the peak 
exceeds the threshold value. 
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In doing so, for example, before a computation 
process for comparison for the peaks on the actual 
measurement frequency spectrum data corre- 
sponding to the first-order value, the second-order 
value, and the fourth-order value of the frequency s 
components occurring when the specific part of the 
sliding member of the machine installation is abnor- 
mal is executed, waste of executing the comparison 
process for insignificant peaks can be avoided. 

To accomplish the object, according to the in- to 
vention, there is provided 

(1 8) an anomaly diagnosis method of a machine in- 
stallation for detecting sound or vibration produced 
from a sliding member of the machine installation, 
analyzing a detected vibration signal, and diagnos- 15 
ing the presence or absence of an anomaly caused 
by the sliding member, characterized by: 

converting an analog signal of sound or vibra- 
tion produced from the sliding member of the ma- 
chine installation into a digital signal to generate ac- 20 
tual measurement digital data, performing appropri- 
ate analysis processing of frequency analysis, en- 
velope analysis, and the like for the actual meas- 
urement digital data to generate actual measure- 
ment frequency spectrum data, and then caiculat- 25 
ing an effective value or an average value of the 
actual measurement frequency spectrum data, set- 
ting the calculated effective value or average value 
as a reference level, and estimating the magnitude 
of damage to a specific part of the sliding member 30 
of the machine installation causing an anomaly to 
occur from the level difference between level on the 
actual measurement frequency spectrum data cor- 
responding to the first-order value of the frequency 
component occurring when the specific part of the 35 
sliding member of the machine installation is abnor- 
mal and the reference level. 

Generally, growing of the peak level on the ac- 
tual measurement frequency spectrum caused by 
damage to the sliding member of the machine in- *o 
stallation becomes most noticeable at the peak cor- 
responding to the first-order value of the frequency 
components caused by the anomaly. 

Thus, as shown in the anomaly diagnosis meth- 
od of the machine installation described above in 45 
(18), the level difference between the level on the 
actual measurement frequency spectrum data cor- 
responding to the first-order value of the frequency 
components occurring when the specific part of the 
sliding member of the machine installation isabnor- so 
mal and the effective value of the actual measure- 
ment frequency spectrum data is calculated, where- 
by the magnitude of the damage can be estimated 
efficiently by performing minimum computation 
processing, and it is made possible to determine the 55 
appropriate replacement time of the damaged part. 

To accomplish the object, according to the in- 
vention, there is provided 



(19) an anomaly diagnosis apparatus of a machine 
installation for detecting sound or vibration pro- 
duced from the machine installation containing a 
sliding member, analyzing a detected vibration sig- 
nal, and diagnosing the presence or absence of an 
anomaly caused by the machine installation con- 
taining the sliding member, the anomaly diagnosis 
apparatus including: 

vibration detection means for detecting sound 
or vibration produced by the machine installa- 
tion containing the sliding member and output- 
ting an electric signal responsive to the detect- 
ed sound or vibration; 

sampling reference setting means for setting a 
reference value to exclude an area where the 
effect of noise is large from the output signal of 
the vibration detection mean; 
sampling means for extracting effective actual 
measurement data with an area where the ef- 
fect of noise is large excluded from the output 
signal of the vibration detection means based 
on the reference value set in the sampling ref- 
erence setting means; and 
computation processing means for performing 
appropriate analysis processing of envelope 
analysis, etc., for the effective actual measure- 
ment data extracted by the sampling means to 
generate actual measurement frequency spec- 
trum data and diagnosing the presence or ab- 
sence of an anomaly in a specific part of the 
machine installation containing the sliding 
member based on the presence or absence of 
a peak on the actual measurement frequency 
spectrum data for frequency component occur- 
ring when the specific part of the machine in- 
stallation containing the sliding member is ab- 
normal. 

[0033] According to the anomaly diagnosis apparatus 
of the machine installation described above in (19), the 
sampling means automatically executes removal of the 
noise component from the actual measurement data de- 
tected by the vibration detection means from the ma- 
chine installation containing the sliding member based 
on the reference value set in the sampling reference set- 
ting means. 

[0034] Therefore, the person in charge of diagnosis 
for managing the anomaly diagnosis apparatus of the 
machine installation need not check the actual meas- 
urement data to remove the noise component each 
time, and interrupting of processing of the anomaly di- 
agnosis apparatus of the machine installation to check 
the actual measurement data does not occur. 
[0035] The noise component is removed uniformly by 
machine processing based on the reference value, so 
that the skill degree of the person in charge of diagnosis 
does not affect the noise component removal rate. 
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[0036] Further, since the person in charge of diagno- 
sis need not check the actual measurement data to re- 
move the noise component, an output un it f or displaying 
the actual measurement data detected by the vibration 
detection means in such a manner that the person in 5 
charge of diagnosis can check the actual measurement 
data can also be omitted. 

[0037] Preferably, in the anomaly diagnosis appara- 
tus of the machine installation according to the inven- 
tion, the sampling reference setting means may auto- 10 
matically calculate the reference value to select an area 
where an excessive value caused by the effect of noise 
is not contained from the average level of the electric 
signals detected by the vibration detection means, the 
operation timing of the vibration detection means, etc., is 
and a predetermined constant, etc. 
[0038] If the sampling reference setting means thus 
automatically sets the reference value, the data entry 
operation of the person in charge of diagnosis in the 
anomaly diagnosis apparatus of the machine installa- 20 
tion to set the reference value is decreased and the load 
on the person in charge.of diagnosis is lightened and at 
the same time, the required time for the data entry op- 
eration can be saved. 

[0039] The machine installation containing the sliding 25 
member contains one or more sliding members and 
means a machine installation or a machine wherein vi- 
bration occurs as the sliding members slide, and also 
contains ball screws, linear guides, motors, etc., in ad- 
dition to rolling bearings. 30 

<Brief Description of the Drawings> 

[0040] 

35 

FIG. 1 is a schematic block diagram of a first em- 
bodiment of an anomaly diagnosis apparatus of a 
machine installation according to the invention. 
FIG. 2 is a flowchart to show the operation of the 
first embodiment of the invention. 40 
FIG. 3 is a schematic representation of the format 
of one input screen when a diagnosis request is 
sent to a diagnosis processing server. 
FIG. 4 is a schematic representation of the format 
of another input screen when a diagnosis request 45 
is sent to a diagnosis processing server in the first 
embodiment of the invention. 
FIG. 5 is a schematic representation listing occur- 
rence frequencies caused by an anomaly of a spe- 
cific part of a bearing when a sliding member is a so 
bearing. 

FIG. 6 is a drawing to show the format of a diagnosis 
result screen displayed on a user information 
processing terminal in the first embodiment of the 
invention. 55 
FIG. 7 is a schematic representation of a detailed 
format example of the contents of diagnosis result 
displayed on the user information processing termi- 



nal in the first embodiment of the invention. 
FIG. 8 is a block diagram to show the configuration 
of a second embodiment of an anomaly diagnosis 
apparatus of a machine installation according to the 
invention. 

FIG. 9 is a block diagram to show the configuration 
of a third embodiment of an anomaly diagnosis ap- 
paratus of a machine installation according to the 
invention. 

FIG. 1 0 is a block diagram to show the configuration 
of a fourth embodiment of an anomaly diagnosis ap- 
paratus of a machine installation according to the 
invention. 

FIG. 11 is a block diagram to show the configuration 
of a fifth embodiment of an anomaly diagnosis ap- 
paratus of amachine installation according to the in- 
vention. 

FIG. 12 is a flowchart to show a procedure of anom- 
aly diagnosis processing executed by the appara- 
tus in FIG. 11. 

FIG. 13 is a drawing to show the relationship be- 
tween damage points in a rolling bearing and fre- 
quencies. 

FIG. 14 provides a waveform provided by perform- 
ing envelope processing. 

FIG. 15 provides another waveform provided by 
performing envelope processing. 
FIG. 16 provides another waveform provided by 
performing envelope processing. 
FIG. 17 is a drawing to describe a peak value cal- 
culation method of the invention. 
FIG. 18 is a drawing to describe a peak value ex- 
tracting method from frequency components of 
large spectrum levels in order. 
FIG. 1 9 is a drawing to describe peak value extrac- 
tion by the peak value calculation method of the in- 
vention. 

FIG. 20 is a flowchart of diagnosis processing ac- 
cording to a six embodiment of an anomaly diagno- 
sis apparatus of a machine installation according to 
the invention. 

FIG. 21 is a schematic block diagram of a seventh 
embodiment of an anomaly diagnosis apparatus of 
a machine installation according to the invention. 
FIG. 22 is a drawing to describe diagnosis process- 
ing of the anomaly diagnosis apparatus of a ma- 
chine installation shown in FIG. 21 and is a raw 
waveform chart of signal data. 
FIG. 23 is a drawing to describe diagnosis process- 
ing of the anomaly diagnosis apparatus of a ma- 
chine installation shown in FIG. 21 and is an en- 
larged view of selection range part of the raw wave- 
form of signal data. 

FIG. 24 is a drawing to describe diagnosis process- 
ing of the anomaly diagnosis apparatus of a ma- 
chine installation shown in FIG. 21 and is a frequen- 
cy spectrum of signal data. 
FIG. 25 is a drawing to describe diagnosis process- 
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ing of the anomaly diagnosis apparatus of a ma- 
chine installation shown in FIG. 21 and is a drawing 
to show an envelope frequency spectrum of signal 
data. 

FIG. 26 is a drawing to describe diagnosis process- s 
ing of the anomaly diagnosis apparatus of a ma- 
chine installation shown in FIG. 21 and is a drawing 
to show frequency spectrum of signal data and se- 
lected range. 

FIG. 27 is a drawing to describe diagnosis process- to 
ing of the anomaly diagnosis apparatus of a ma- 
chine installation shown in FIG. 21 and is a drawing 
to show frequency spectrum after being filtered. 
FIG. 28 is a drawing to describe diagnosis process- 
ing of the anomaly diagnosis apparatus of a ma- is 
chine installation shown in FIG. 21 and is a drawing 
to show envelope frequency spectrum after being 
filtered. 

FIG. 29 is a flowchart to show a diagnosis process- 
ing procedure of an anomaly diagnosis method ex- 20 
ecuted by an eighth embodiment of an anomaly di- 
agnosis apparatus according to the invention. 
FIG. 30 is a schematic representation of a wave- 
form when the diagnosis processing in FIG. 29 is 
executed for a damaged inner ring of a rolling bear- 25 
ing as the sliding member according to the invention 
and a peak equal to or higher than the reference 
level does not appear in low-frequency range in 
comparison process with the basic frequency of 
peak caused by inner ring damage. 30 
FIG. 31 is a schematic representation of a wave- 
form when the diagnosis processing in FIG. 29 is 
executed for an undamaged outer ring of a rolling 
bearing as the sliding member according to the in- 
vention and harmonic of low frequency and basic 35 
frequency match in comparison process with the 
basic frequency of peak caused by outer ring dam- 
age. 

FIG. 32 is a schematic representation of a wave- 
form when the diagnosis processing in FIG. 29 is 40 
executed for a damaged inner ring of a rolling bear- 
ing as the sliding member according to the invention 
and harmonic of low frequency and basic frequency 
match in comparison process with the basic fre- 
quency of peak caused by inner ring damage. 45 
FIG. 33 is a block diagram to show the configuration 
of a ninth embodiment of an anomaly diagnosis ap- 
paratus of a machine installation for executing an 
anomaly diagnosis method of a machine installation 
according to the invention. so 
FIG. 34 is a flowchart to show a processing proce- 
dure of the anomaly diagnosis apparatus of a ma- 
chine installation shown in FIG. 33. 
FIG. 35 is a waveform chart to show an actual 
measurement frequency spectrum when abnormal ss 
vibration occurs due to a flaw of an outer ring of a 
rolling bearing as a sliding member of the machine 
installation. 



FIG. 36 is a flowchart to show a detailed processing 
procedure of comparison process between fre- 
quency component when an anomaly occurs and a 
peak part of actual measurement frequency spec- 
trum data in the ninth embodiment of the invention. 
FIG. 37 is a waveform chart to show comparison 
parts with frequency components under abnormal 
condition on the actual measurement frequency 
spectrum when abnormal vibration occurs due to a 
flaw of the outer ring of the rolling bearing as the 
sliding member of the machine installation. 
FIG. 38 is a waveform chart to show comparison 
parts with frequency components under abnormal 
condition on the actual measurement frequency 
spectrum when abnormal vibration occurs due to a 
flaw of a rolling element of the rolling bearing as the 
sliding member of the machine installation. 
FIG. 39 is a waveform chart of an actual measure- 
ment frequency spectrum showing frequency com- 
ponents and reference level to be compared to es- 
timate the magnitude of peel according to the anom- 
aly diagnosis method of the machine installation ac- 
cording to the invention. 

FIG. 40 is a correlation drawing between the mag- 
nitude of peel of rolling element surface causing ab- 
normal vibration and the level difference between 
each peak appearing on the actual measurement 
frequency spectrum and the reference level in a roll- 
ing bearing diagnosed as the sliding member of the 
machine installation. 

FIG. 41 is a schematic block diagram of a tenth em- 
bodiment of an anomaly diagnosis apparatus of a 
machine installation according to the invention. 
FIG. 42 is a flowchart to show a processing proce- 
dure of the anomaly diagnosis apparatus of a ma- 
chine installation shown in FIG. 41. 
FIG. 43 is a schematic representation of a setting 
example of a reference value to exclude an area 
where the effect of noise is large from a signal de- 
tected by vibration detection means of the anomaly 
diagnosis apparatus of a machine installation 
shown in FIG. 41 . 

FIG. 44 is a waveform chart of an actual measure- 
ment frequency spectrum generated by computa- 
tion processing means in the anomaly diagnosis ap- 
paratus of a machine installation shown in FIG. 41 . 
FIG. 45 is a waveform chart of actual measurement 
frequency spectrum data generated as a signal pro- 
vided by AD conversion means is subjected to 
processing of envelop analysis, etc., without remov- 
ing noise by sampling means in the anomaly diag- 
nosis apparatus of a machine installation shown in 
FIG. 41. 

FIG. 46 is a block diagram to show the configuration 
of an anomaly diagnosis apparatus of a machine 
installation in a related art. 

[0041] In the drawings, numeral 1 denotes diagnosis 
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processing server, numeral 2 denotes network, numeral 
3 denotes user - information processing terminal, nu- 
merals 11 and 31 denote communication sections, nu- 
meral 12 denote diagnosis section, numeral 13 denotes 
user database, numeral 1 4 denotes sound/vibration da- s 
tabase, numeral 15 denotes specification database, nu- 
meral 16 denotes measure database, numeral 17 de- 
notes temperature database, numeral 32 denotes input 
section, numeral 33 denotes display section, numeral 
121 denotes anomaly diagnosis apparatus, numeral to 
123 denotes network, numeral 125 denotes diagnosis 
processing server, numeral 127 denotes machine instal- 
lation containing sliding member, numeral 129 denotes 
information processing terminal, numeral 131 denotes 
actual measurement vibration data, numeral 141 de- '5 
notes actual measurement analysis program, numeral 
143 denotes sou nd/vib ration database, numeral 143a 
denotes determination criterion data, numeral 145 de- 
notes determination program, numeral 148 denotes di- 
agnosis processing menu, numeral 153 denotes input 20 
means, numeral 154 denotes display means, numeral 
181 denotes customer information database, numeral 
191 denotes measure database, numeral 203 denotes 
machine installation containing sliding member, numer- 
al 211 denotes sensor, numeral 212 denotes amplifier, 25 
numeral 213 denotes AD converter, numeral 214 de- 
notes diagnosis computer, numeral 215 denotes point- 
ing device, numeral 21 6 denotes AD converter, numeral 
217 denotes graphical user Interface, numeral 401 de- 
notes anomaly diagnosis apparatus of machine instal- 30 
lation, numeral 403 denotes machine installation con- 
taining sliding member, numeral 405 denotes vibration 
detection means, numeral 407 denotes amplification 
means, numeral 409 denotes AD conversion means, 
numeral 413 denotes computation processing means, 35 
numeral 501 denotes anomaly diagnosis apparatus of 
machine installation, numeral 503 denotes machine in- 
stallation containing sliding member, numeral 505 de- 
notes vibration detection means, numeral 507 denotes 
amplification means, numeral 509 denotes AD conver- *o 
sion means, numeral 511 denotes sampling reference 
setting means, numeral 513 denotes input means, nu- 
meral 515 denotes sampling means, and numeral 517 
denotes computation processing means. 

45 

<Best Mode for Carrying out the lnvention> 

[0042] Embodiments of an anomaly diagnosis appa- 
ratus and method of a machine installation according to 
the invention will be discussed in detail with reference so 
to the accompanying drawings. 
[0043] FIG. 1 is a schematic block diagram of a first 
embodiment of an anomaly diagnosis apparatus of a 
machine installation according to the invention. 
[0044] The anomaly diagnosis apparatus of a ma- 55 
chine installation of the first embodiment includes a di- 
agnosis processing server 1 and a user information 
processing terminal 3 which are connected through a 



network 2 such as the Internet. For example, general- 
purpose personal computers that can be connected to 
the network 2 through a predetermined communication 
interface can be used as the diagnosis processing serv- 
er 1 and the user information processing terminal 3. 
[0045] The diagnosis processing server 1 includes a 
communication section 1 1 , a diagnosis section 1 2, a us- 
er database 1 3, a sound/vibration database 14, a spec- 
ification database 15, a measure database 16, and a 
temperature database 1 7. In the drawing, the database 
is abbreviated as DB. 

[0046] The user information processing terminal 3 
can be connected to the network 2 when necessary, and 
includes a communication section 31, an input section 
32, and a display section 33. FIG. 1 shows only one user 
information processing terminal 3, but a plurality of user 
information processing terminals 3 can be connected. 
[0047] The input section 32 inputs sound or vibration 
data occurring from one or more sliding member use 
points contained in the machine installation and infor- 
mation for identifying the sliding member (containing 
part number and sliding member use condition 
information) . The communication sections 31 and 11 
transfer data to and from the network. The diagnosis 
section 1 2 diagnoses an anomaly in the machine instal- 
lation based on the sound or vibration data occurring 
from one or more sliding member use points of the ma- 
chine installation and the information for identifying the 
sliding member, input through the network. 
[0048] Generally, various machine elements contain- 
ing a part sliding in rotational motion or linear motion, 
such as bearings, ball screws, linear guides, and mo- 
tors, come under the sliding members in the machine 
installation. 

[0049] An anomaly diagnosis based on the sound or 
vibration data is made specifically by a method of com- 
puting frequency analysis of the original waveform of the 
vibration data, frequency analysis after envelope 
processing, peak factor, etc., and comparing them with 
reference data computed based on the specifications 
and use conditions of the sliding member or initially reg- 
istered data, etc. Various methods are well known and 
can be used. 

[0050] The user database 1 3 stores for each user the 
ID and name of the user accessing the diagnosis 
processing server 1 through the user information 
processing terminal 3, the sliding member used by the 
user, information required for identifying the sliding 
member, the use conditions of the sliding member, the. 
past diagnosis results, the measures, etc. 
[0051 ] The soundAribration database 1 4 stores sound 
or vibration data transmitted from the user information 
processing terminal 3. 

[0052] The specification database 1 5 stores the spec- 
ifications of the sliding members used with the..machine 
installation. 

[0053] The measure database 16 stores advice re- 
sponsive to the diagnosis result of the machine installa- 
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tion. 

[0054] Next, the operation of the anomaly diagnosis 
apparatus of the embodiment will be discussed based 
on a flow in FIG. 2. 

[0055] It is assumed that the sliding member used s 
with the machine installation is a bearing and that sound 
data is used. The user who wants to make an anomaly 
diagnosis collects sound data of the bearing use point 
with a microphone, etc., and converts the collected an- 
alog data into digital form to create a file in a predeter- 10 
mined format, for example, a WAV file (step 101). The 
sound data may be acquired at the user information 
processing terminal 3 or using any other dedicated ap- 
paratus. The collected analog data may be converted 
directly into digital form or the data once recorded on *5 
magnetic tape, etc., may be converted into digital form. 
[0056] Next, the user accesses the diagnosis 
processing server 1 through the network 2 and logs in 
to the diagnosis processing server 1 (step 1 02). The di- 
agnosis processing server 1 may be accessed freely or 20 
may be accessible only by limited members. To access 
the diagnosis processing server 1 freely, preferably the 
user is once registered and the user ID is issued and at 
the second time or later, the user accesses the diagno- 
sis processing server 1 using the user ID. The example 25 
assumes that the user is already registered. 
[0057] The diagnosis processing server 1 checks the 
user ID (step 103). If the user is already registered, the 
diagnosis processing server 1 causes the user informa- 
tion processing terminal 3 to display a data input screen so 
on, prompting the user to enter data (step 104). FIG. 3 
shows a display screen example in this case. 
[0058] The user enters the bearing part number and 
the use conditions of the number of revolutions, used 
lubricant, etc., and transmits the already acquired sound 35 
data file (step 105). 

[0059] As the sound data file, a file previously stored 
in a storage section (not shown) in the user information 
processing terminal 3 may be used or a file read from 
an FD (floppy disk), etc., may be used. If an anomaly 40 
diagnosis of the same bearing was made in the past (for 
example, in a routine check, etc.,), the user needs only 
to enter the diagnosis number and may omit the bearing 
part number and the use conditions. FIG. 4 shows a dis- 
play screen example in the case. 45 
[0060] In this case, the user enters the diagnosis 
number in an area 41 and the sound data file name in 
an area 42. 

[0061] Upon reception of the bearing part number, the 
use conditions, and the sound data file, the diagnosis so 
processing server 1 acquires the bearing specifications 
from the specification database 1 5 based on the bearing 
part number (step 1 06) and calculates the vibration oc- 
currence frequency when the bearing is used based on 
the acquired specifications and use conditions (step 55 
107). The diagnosis processing server 1 also performs 
analysis processing of the data in the sound data file 
(step 108). 



[0062] As the analysis processing, filtering, envelope, 
FFT processing, etc., is performed as required. The di- 
agnosis processing server 1 makes a comparison be- 
tween the analysis result at step 1 08 and the calculation 
result at step 1 07 (step 1 09) and determines whether or 
not an anomaly exists (step 110). The comparing and 
determining are executed by comparing the occurrence 
frequencies caused by the bearing as shown in FIG. 5, 
for example. 

[0063] Subsequently, the diagnosis processing serv- 
er 1 retrieves the measure database 16 based on the 
determination result and extracts the cause and meas- 
ures (step 111). Then, it transmits the diagnosis result 
to the user information processing terminal 3 and caus- 
es the user information processing terminal 3 to display 
the diagnosis result (step 112). FIG. 6 shows a display 
screen example of the diagnosis result. The contents 
shown in FIG. 7 are displayed in an area 51 . In FIG. 7, 
the diagnosis conditions are displayed in an area 511 
and the diagnosis result of the type of produced sound, 
the occurrence source, evaluation, comments, etc., is 
displayed in an area 512. Referring again to FIG. 6, the 
cause of the anomaly and the measures against the 
anomaly are displayed in an area 52. The reliability of 
the determination, the remaining life (guideline for the 
time until the sliding member does not function as a 
bearing), and the like are also displayed for advising the 
user of the replacement time. The diagnosis processing 
server 1 registers in the sound/vibration database 14 
(step 113). 

[0064] Upon acquisition of the diagnosis result, the 
user logs off (step 114). To continue diagnosis, the user 
may again enter different data at step 104. 
[0065] In the described anomaly diagnosis apparatus 
of the machine installation, when the user of the ma- 
chine installation wants diagnosis of the presence or ab- 
sence of an anomaly in the bearing of the sliding mem- 
ber used with the machine installation, if the user trans- 
mits the sound or vibration data at the use point of the 
bearing on the machine installation required for the 
anomaly diagnosis, the information identifying the used 
bearing (bearing part number, etc.,), the bearing use 
condition information, etc., from the user information 
processing terminal 3 through the network 2 to the di- 
agnosis processing server 1 , the diagnosis processing 
server 1 automatically executes anomaly diagnosis 
processing based on the received data and further 
transmits the diagnosis result through the network 2 to 
the user information processing terminal 3. 
[0066] To execute periodic anomaly diagnosis, for ex- 
ample, for one or more bearings on the machine instal- 
lation, if the use conditions of each bearing and the in- 
formation for identifying each bearing transmitted by the 
user to the diagnosis processing server 1 are once pre- 
pared and stored in a storage unit, etc., of the user in- 
formation processing terminal 3, unless the information 
is changed, rt..can be used repeatedly, similar informa- 
tion need not be prepared from the beginning each time 
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an anomaly diagnosis request is made, and the burden 
required for preparing information required for making 
an anomaly diagnosis request can be lightened drasti- 
cally. 

[0067] Further, an anomaly diagnosis request is sent s 
directly to the diagnosis processing server 1 that can 
automatically execute anomaly diagnosis processing 
not via a window job for the person in charge to accept 
the request manually, and the requested diagnosis 
processing is executed promptly within the scope of the 10 
information processing performance of the diagnosis 
processing server 1 , so that the user can get the diag- 
- ■■ nosis result early. 

[0068] Therefore, if the user does not have a dedicat- 
ed analytical instrument or a skill required for anomaly *5 
diagnosis of the sliding member, the user can make an 
anomaly diagnosis request easily with a small burden 
and moreover can get the diagnosis result promptly and 
deal with occurrence of the anomaly rapidly. 
[0069] FIG. 8 is a block diagram to show the configu- 20 
ration of a second embodiment of an anomaly diagnosis 
apparatus of a machine installation according to the in- 
vention. 

[0070] An anomaly diagnosis apparatus 121 of a ma- 
chine installation of the second embodiment is made up 25 
of a diagnosis processing server 125 of an information 
processing apparatus (computer) connected to a net- 
work 123 and an information processing terminal 129 
which is installed in the user using a machine installation 
1 27 containing a sliding member wherein the presence 30 
or absence of an anomaly is to be diagnosed and can 
access the diagnosis processing server 1 25 through the 
network 123, and the Internet is used as the network 
123. 

[0071] In the embodiment, the sliding member used 35 
with the machine installation 127 is a rolling bearing. 
[0072] Uploaded in an executable data format in the 
information processing terminal 129 to the diagnosis 
processing server 125 are an actual measurement data 
analysis program 141 for analyzing actual measure- 40 
. #■ ment vibration data 131 recording sound or vibration oc- 
curring when the machine installation 1 27 containing the 
sliding member operates, determination criterion data 
143a recording information used as the determination 
criterion of the presence or absence of an anomaly at a 
specific part of the machine installation 127 containing 
the sliding member, and a determination program 145 
for comparing the analysis result of the actual measure- 
ment data analysis program 141 with the determination 
criterion data 143a and diagnosing the presence or ab- 50 
sence of an anomaly for the specific part of the machine 
installation 127 containing the sliding member. 
[0073] As the determination criterion data 143a, the 
frequency component of vibration occurring when the 
specific part of the machine installation is abnormal and 55 
the standard peak level in the frequency component are 
calculated from the specifications, etc., of the machine 
installation and are set; the determination criterion data 



143a is managed in a sound/vibration database 143 
constructed in a data storage section 147 of the diagno- 
sis processing server 125. 

[0074] Various databases useful for diagnosis 
processing, such as a specification database 161 stor- 
ing information of the specifications, etc., of the machine 
installation, a customer information database 181 stor- 
ing information concerning the user using the machine 
installation to be diagnosed, and a measure database 
191 storing information of measures, etc., returned to 
the user in response to the abnormal condition in addi- 
tion to the above-mentioned sounoTvibration database 
143, are constructed in the data storage section 147. 
[0075] The actual measurement data analysis pro- 
gram 141 and the determination program 145 are up- 
loaded to a diagnosis program storage section 146 of 
the diagnosis processing server 125. 
[0076] In the embodiment, when the actual measure- 
ment data analysis program 141 is executed in the in- 
formation processing terminal 1 29, it performs appropri- 
ate analysis processing of envelope analysis, etc., for 
the actual measurement vibration data 131 and gener- 
ates actual measurement frequency spectrum data in- 
dicating sound or vibration occurring when the sliding 
member used with the machine installation 127 rotates. 
[0077] When the determination program 145 is exe- 
cuted in the information processing terminal 129, it 
adopts as the data stored in the determination criterion 
data 1 43a the frequency component occurring when the 
specific part of the machine installation 127 is abnormal 
as the determination criterion, and determines the pres- 
ence or absence of an anomaly in the machine installa- 
tion 127 containing the sliding member and locates the 
anomaly occurrence point based on whether or not a 
peak value of a given level or more appears at the de- 
termination criterion position on the actual measure- 
ment frequency spectrum data of the analysis result of 
the actual measurement data analysis program 141. 
The determination program 145 outputs the determina- 
tion result to display means information processing ter- 
minal 54 or if the user makes a request, outputs the de- 
termination result to a printer connected to the informa- 
tion processing terminal 129. 

[0078] The actual measurement data analysis pro- 
gram 141 , the determination program 145, and the de- 
termination criterion data 143a uploaded to the diagno- 
sis processing server 125 are managed by a diagnosis 
processing menu 148 built in the diagnosis processing 
server 125 so that they can be downloaded according 
to a given access procedure. 

[0079] In the anomaly diagnosis apparatus 1 21 of the 
embodiment, the measures to be taken by the user or 
the manufacturer in response to the abnormal condition 
of the machine installation 127 containing the sliding 
member diagnosed are set in detail in the measure da- 
tabase 191 of the diagnosis processing server 125. 
When the user downloads the actual measurement data 
analysis program 141 and the determination program 



15 



29 



EP 1 338 873 A1 



30 



145, the measure database 191 is also downloaded to- 
gether and the determination program 145 references 
the measure database 191 in response to the determi- 
nation result and outputs the measures to be taken to 
eliminate the anomaly to the display means 154, etc. 5 
[0080] The information processing terminal 129 is a 
personal computer and is connected to the network 1 23 
through a communication interface 151. 
[0081] Connected to the information processing ter- 
minal 129 are input means 153 of a keyboard, etc., and 10 
the display means 154 implemented as a CRT, etc., ca- 
pable of displaying the various contents of the informa- 
tion processing terminal 129, such as the data stored in 
the information processing terminal 129 and the 
processing state in the information processing terminal *5 
129. 

[0082] A vibration measurement apparatus 156 for 
detecting sound or vibration of the rotation operation of 
the sliding member used with the machine installation 
1 27 is connected to the information processing terminal 20 
1 29 through an actual measurement vibration data input 
interface 157. The information processing terminal 129 
inputs the actual measurement vibration data 131 pro- 
vided by the vibration measurement apparatus 156 
through the actual measurement vibration data input in- 25 
terface 157 and stores the data in a predetermined data 
storage section. 

[0083] The user accesses the diagnosis processing 
server 1 25 through the network 1 23 from the information 
processing terminal 129 and downloads the actual 30 
measurement data analysis program 141, the determi- 
nation program 145, and the determination criterion da- 
ta 143a into the information processing terminal 129 of 
the user and on the other hand, inputs the actual meas- 
urement vibration data 131 to the information process- 35 
ing terminal 129 of the user through the actual meas- 
urement vibration data input interface 1 57 and executes 
the actual measurement data analysis program 1 41 and 
the determination program 145 in the information 
processing terminal 129 of the user for diagnosing the 40 
presence or absence of an anomaly in the machine in- 
stallation 127 containing the sliding member in the in- 
formation processing terminal 129 of the user. 
[0084] An authentication program for comparing with 
customer information of information required for authen- 45 
ticating the user using the machine installation 127 con- 
taining the sliding member and allowing the user to 
download the actual measurement data analysis pro- 
gram 1 41 , the determination program 145, and the de- 
termination criterion data 1 43a when authenticating the so 
user as the authorized user may be built in the diagnosis 
processing menu 148 of the diagnosis processing serv- 
er 125 and only when the user is authenticated as the 
authorized user in an authentication check process 1 49 
of the authentication program, as shown in FIG. 9, the 55 
user may be allowed to download the actual measure- 
ment data analysis program 141 and the determination 
program 145 as the user operates the diagnosis 



processing menu 148. 

[0085] A protect program for limiting the number of 
use times or the expiration date in the downloading in- 
formation processing terminal 1 29 may be added to the 
programs 41 and 45 and the data 143a downloaded 
from the diagnosis processing server 125 into the infor- 
mation processing terminal 129. 
[0086] As indicated by arrow A in FIG. 1 0, the protect 
program maybe automatically executed just after com- 
pletion of download, may access the diagnosis process- 
ing server 125 for undergoing the authentication check 
process 149, and may erase, etc., the actual measure- 
ment data analysis program 1 41 , the determination pro- 
gram 145, and the determination criterion data 143a af- 
ter use the stipulated number of times, thereby limiting 
the number of use times. 

[0087] In the anomaly diagnosis apparatus 1 21 of the 
second embodiment described above, to diagnose the 
presence or absence of an anomaly in the machine in- 
stallation 127 containing the sliding member, the diag- 
nosis processing of the diagnosis program made up of 
the actual measurement data analysis program 141 and 
the determination program 145 is performed in the in- 
formation processing terminal 129 installed in the user, 
so that the user is saved from hating to transmit the ac- 
tual measurement vibration data 131 recording sound 
or vibration produced by the machine installation 127 
containing the sliding member to be diagnosed to the 
manufacturer and the diagnosis processing can be 
speeded up because of saving labor and time required 
for transmitting the actual measurement vibration data 
131 to the manufacturer. 

[0088] The diagnosis processing server 1 25 to which 
the actual, measurement data analysis program 141, 
the determination program 145, and the determination 
criterion data 143a required for the diagnosis process- 
ing are uploaded is used to download the programs and 
the determination criterion data 143a to the user's infor- 
mation processing terminal and does not execute the 
diagnosis processing itself and therefore concentrating 
of the diagnosis processing of a large number of users 
on one information processing apparatus can be cir- 
cumvented. 

[0089] Further, the actual measurement data analysis 
program 141, the determination program 145, and the 
determination criterion data 143a required for the diag- 
nosis processing are downloaded into the information 
processing terminal 129 of the user via the network 123 
and can be introduced into any desired information 
processing terminal 129 of the user if. the information 
processing terminal 129 has a predetermined commu- 
nication function and program execution performance, 
and the diagnosis processing can be left to any idle in- 
formation processing apparatus of the user. 
[0090] Therefore, as the diagnosis processing is start- 
ed promptly, it can also be speeded up. 
[0091] Further, concentrating of the diagnosis 
processing of a large number of users on one informa- 
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tlon processing apparatus need not be considered as 
described early, so that it can be expected that even an 
information processing apparatus having a not so high 
computation processing capability will perform compar- 
atively rapid processing. 5 
[0092] Therefore, as a system configuration limiting 
the computation processing capability of the information 
processing terminal 129 in moderation in such a manner 
that a popularly priced personal computer is adopted as 
the information processing terminal 129, the system 10 
construction cost can be suppressed to a low cost and 
at the same time, the diagnosis processing can be 
speeded up. 

[0093] In the anomaly diagnosis apparatus 1 21 of the 
embodiment, the Internet already constructed as a 
wide-area network and also promoted to broadband for 
realizing high-speed communications is used as the net- 
work 1 23 for accessing the diagnosis processing server 
125, so that there is no extra cost for constructing, im- 
proving, etc., a dedicated network and it is made possi- 20 
ble for a large number of users to use the diagnosis sys- 
tem easily and at low cost. 

[0094] Since the anomaly diagnosis apparatus 1 21 of 
the embodiment has the authentication program for al- 
lowing only the authorized user to download the pro- 25 
grams and the data, it is made possible forthe diagnosis 
processing server 125 to manage the versions, etc., of 
the diagnosis program and the determination criterion 
data 143a required by the user in more detail with the 
authentication program and the customer data in asso- 30 
ciation with each other, for example; it is made possible 
to realize reliable downloading the optimum diagnosis 
program and the determination criterion data 1 43a with- 
out placing any burden on the user accessing the diag- 
nosis processing server 1 25, and service as the manu- 35 
facturer can be enhanced. 

[0095] Since the anomaly diagnosis apparatus 121 of 
the embodiment adds the protect program for limiting 
the number of use times or the expiration date in the 
information processing terminal 129 to the programs 40 
and the data downloaded from the diagnosis processing 
server 125, illegal repeated use or drain of the diagnosis 
processing program and the determination criterion da- 
ta 1 43a downloaded into the user can be prevented and 
erroneous use of the program and the data for anomaly 45 
diagnosis of a sliding member used with a different type 
of machine installation or the like can be prevented. 
[0096] Therefore, illegal drain of the technology of the 
manufacturer can be prevented and the reliability of the 
diagnosis processing can be enhanced. so 
[0097] In the embodiment, the protect program auto- 
matically executed just after completion of downloading 
the program and the data required for the diagnosis 
processing from the diagnosis processing server for lim- 
iting the number of use times of the downloaded pro- ss 
gram and data is added to the downloaded program and 
data. However, a similar advantage can also be provid- 
ed by adopting a method of adding a protect program 



for limiting the expiration date or the use time from the 
download completion time in such a manner that the 
downloaded program and data are erased after the ex- 
piration of a given time since the download completion 
time, for example, or a step of accessing the diagnosis 
processing server and receiving authentication (proc- 
ess indicated by the arrow A shown in FIG. 10) when 
the downloaded program is executed in place of the pro- 
tect program for limiting the number of use times. 
[0098] In the embodiment, the specific analysis meth- 
od of the actual measurement vibration data in the ac- 
tual measurement data analysis program, etc., is not 
limited to the envelope analysis, etc., shown in the em- 
bodiment described above. Various waveform process- 
ing and analysis methods of shaping the vibration wave- 
form data and revealing the waveform features can be 
applied. 

[0099] The specific processing method of the deter- 
mination program is not limited to the method in the em- 
bodiment described above either. 
[0100] Further, the sliding member in the machine in- 
stallation wherein the presence or absence is diagnosed 
is not limited to a rolling bearing either. Various ma- 
chines and machine elements having rotary sliding parts 
or linear sliding parts, such as ball screws, linear guides, 
or motors, for example, with unusual change made in 
operation sound when an anomaly of damage, etc., oc- 
curs in the sliding part can come under the sliding mem- 
bers according to the invention. 
[0101] The types of data stored in the data storage 
section of the diagnosis processing server according to 
the invention, etc., are not limited to those in the embod- 
iment described above either. The types of data stored, 
etc., and putting data into databases can be improved 
whenever necessary so that authentication of the au- 
thorized user and reporting of the measures responsive 
to the anomaly occurrence state can be executed 
speedily. 

[01 02] The network to which the diagnosis processing 
server is connected is not limited to the Internet. For ex- 
ample, a locally useful network, such as an already ex- 
isting network using public lines or a cable TV network, 
may be selected. 

[0103] FIG. 1 1 is a block diagram to show the config- 
uration of a fifth embodiment of an anomaly diagnosis 
apparatus of a machine installation according to the in- 
vention, and FIG. 12 is a flowchart to show a procedure 
of anomaly diagnosis processing executed by the appa- 
ratus in FIG. 11. 

[0104] An anomaly diagnosis apparatus 201 of the 
embodiment diagnoses the presence or absence of an 
anomaly caused by damage, etc., to a rolling bearing of 
a sliding member for a machine installation 203 install- 
ing one or more rolling bearings as sliding members 
causing vibration to occur at the operation time. 
[0105] It is known that the presence or absence of 
damage to a rolling bearing can be determined based 
on whether or not an envelope signal of vibration occur- 
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ring from the bearing has a peak in a specific frequency 
component. 

[0106] The frequency can be calculated from the 
specifications of the bearing, and the relationship be- 
tween damage points and frequencies as shown in FIG. s 
13 is known. 

[0107] Therefore, the presence or absence of dam- 
age to a bearing can be determined simply by extracting 
only the frequency component from the frequency spec- 
trum of an envelope signal of vibration occurring from 10 
the bearing and comparing the frequency component 
with a reference value determined in response to the 
effective value of the envelope signal. 
[01 08] The frequency is calculated after specification 
data is input when a diagnosis is made. To diagnose the 15 
same installation or machine, the data resulting from the 
past calculation may be retained and be read for use. 
[0109] The anomaly diagnosis apparatus 201 of the 
embodiment includes a sensor 211 for detecting sound 
or vibration, an amplifier 212, an AD converter213, and 20 
a diagnosis computer 214. The sensor 211 detects 
sound or vibration in the proximity of the diagnosis point 
of the machine installation 203 or machine to be diag- 
nosed and uses a microphone, a vibration acceleration 
sensor, etc. 25 
[0110] A signal provided by the sensor 211 is ampli- 
fied by the amplifier 212 and then is converted into a 
digital signal by the AD converter 2 1 3 and the digital sig- 
nal is input to the diagnosis computer 214. 
[0111] The diagnosis computer 214 contains a fre- 30 
quency analysis program and conducts an anomaly di- 
agnosis. For frequency analysis used for an anomaly 
diagnosis based on sound or vibration data, various 
methods are well known and therefore will not be dis- 
cussed here. 35 
[01 1 2] An anomaly diagnosis method executed by the 
anomaly diagnosis apparatus 201 of the embodiment is 
an improvement in determination procedure of the pres- 
ence or absence of an anomaly and an abnormal point 
based on frequency analysis data. 40 
[01 1 3] Next, the processing procedure in the anomaly 
diagnosis method executed by the anomaly diagnosis 
apparatus 201 will be discussed with reference to FIG. 
12. 

[01 1 4] To begin with , the user who wants to make an 45 
anomaly diagnosis detects sound orvibration data at the 
bearing use point by the sensor 21 1 (step 231 ) and con- 
verts the detected analog data into digital data by the 
AD converter 21 3 (step 232) and enters the digital data 
in the diagnosis computer 21 4. so 
[01 1 5] The diagnosis computer 21 4 places the digital 
data in a file in a predetermined format (for example, a 
WAV file) (step 233). Hereinafter, the sound or vibration 
data placed in a file will be described simply as "digital 
data." 55 
[01 1 6] The data may be converted into digital form us- 
ing an AD conversion section (not shown) contained in 
the diagnosis computer 21 4. The analog data from the 



sensor 211 may be converted directly into digital form 
or the data once recorded on magnetic tape, etc., may 
be converted into digital form. 

[0117] Next, the diagnosis computer 214 conducts 
frequency analysis of the input digital data and deter- 
mines the main frequency band of the input data (step 
234). The diagnosis computer 214 determines the filter 
band in response to the determined frequency band 
(step 235) and filters the digital data (step 236). This 
step is executed to improve S/N of the input sound or 
vibration data and need not be executed if S/N of the 
input signal is sufficient. 

[01 1 8] Subsequently, envelope processing is execut- 
ed (step 237) and frequency analysis processing is per- 
formed for the provided envelope data (step 238) and 
the effective value is calculated (step 239). The effective 
value provided at step 239 is used for calculation 
processing of a reference value to determine an anom- 
aly (step 242). The reference value is found according 
to an expression such as reference value = effective val- 
ue + a (a: Variable) or reference value = effective value 
x p (p: Variable), for example. 

[0119] At step 240, computation shown in FIG. 13 is 
performed based on the design specifications and use 
conditions of the bearing used at the diagnosis point, 
and the frequency component value occurring when an 
anomaly occurs at a specific point of the bearing is cal- 
culated. The calculated frequencies correspond to an 
inner ring flaw, an outer ring flaw, a rolling element flaw, 
and cage sound. 

[01 20] The frequency component values may be cal- 
culated before the step or when a similar diagnosis was 
conducted formerly, the data may be used. The specifi- 
cation data used for calculation is previously input. 
[0121] Next, from the frequency spectrum data pro- 
vided at step 238, inner ring flaw component Si (Zfi), out- 
er ring flaw component So (Zfc), rolling element flaw 
component Sb (2fb), and cage component Sc (fc) are 
extracted in response to the frequency component val- 
ues calculated at step 240 (step 241), and the compo- 
nents are compared with the reference value calculated 
at step 242 (step 243). When all components are smaller 
than the reference value, it is determined that the bear- 
ing is normal (step 244). When any component is larger 
than the reference value, the corresponding part is de- 
termined abnormal, and a message is output (step 245). 
[01 22] Next, a specific example of anomaly diagnosis 
is shown. For example, actual measurement frequency 
spectrum and envelope processing waveforms ob- 
tained as sound is recorded from a single row deep 
groove ball bearing underthe run conditions of fixed out- 
er ring, 1500 revolutions of inner ring per minute, and 
axial load 9.8 N are obtained as in FIGS. 14 and 15. In 
FIG. 1 4, when the frequency components caused by the 
bearing are extracted and are compared-with the refer- 
ence value (-29.3 dB), the frequency components are 
smaller than the reference value. That is, it is under- 
stood that the frequency components exceeding the ref- 
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erence value are not caused by the bearing and there- 
fore it can be determined that the bearing is normal. 
[0123] On the other hand, in the example in FIG. 15, 
the Zfc component caused by damage to the outer ring 
of the specific part is larger than the reference value (- 
19.5 dB) and therefore the abnormal sound is deter- 
mined an outer ring flaw sound. In the example, refer- 
ence value = effective value + 1 0 dB. 
[0124] Likewise, for a single row deep groove ball 
bearing (the part number differs from that in FIG. 14, 15) 
under the run conditions of fixed outer ring, 2400 revo- 
lutions of inner ring per minute, and axial load 9.8 N, 
waveform is obtained as in FIG. 1 6, for example. When 
the components caused by the bearing are extracted 
and are compared with the reference value (-12.6 dB), 
the fc component caused by damage to the cage of the 
specific part is larger than the reference value and a 
cage sound anomaly is found. Also in the example, ref- 
erence value = effective value + 1 0 dB. 
[0125] Since the presence or absence of a peak of 
occurrence frequency is determined based on the 
match degree with the frequency caused by the bearing 
and the larger-than or smaller-than relation with the ref- 
erence value, a diagnosis can be made if the peak level 
is small as in FIG. 16. 

[0126] Thus, according to the anomaly diagnosis 
method according to the fifth embodiment of the inven- 
tion, only specific frequency components are extracted 
from the frequency spectrum of an envelope signal of 
vibration occurring from the bearing and are compared 
with the reference value determined in response to the 
effective value of the envelope signal, so that the com- 
putation processing amount is lessened and speeding 
up the diagnosis processing can be promoted as com- 
pared with the related art method of checking to see if 
each frequency component is caused by the sliding 
member of the machine installation 203 in the descend- 
ing order of spectrum levels after frequency analysis. If 
the spectrum level peak of the frequency component 
caused by the sliding member of the machine installa- 
tion 203 is small, the components can be extracted and 
thus a highly accurate diagnosis is made possible. 
[0127] In the description given above, the sound or 
vibration envelope signal is used to determine the pres- 
ence or absence of a flaw of the bearing, but a signal 
representing sound or vibration can also be used direct- 
ly to diagnose the presence or absence of chatter sound 
of the bearing. 

[0128] Next, processing in a sixth embodiment of an 
anomaly diagnosis apparatus of a machine installation 
according to the invention will be discussed. 
[0129] The anomaly diagnosis apparatus of the sixth 
embodiment differs from that of the fifth embodiment in 
diagnosis program installed in diagnosis computer, but 
has the same hardware configuration as the anomaly 
diagnosis apparatus of the fifth embodiment shown in 
FIG. 11 and therefore the hardware configuration will not 
be discussed again. 



[0130] In the anomaly diagnosis apparatus of the sixth 
embodiment, sound or vibration data at the bearing use 
point is detected by a sensor 211 and the detected an- 
alog data is converted into digital data by an AD con- 
5 verter 2 1 3 to generate actual measurement digital data 
and the generated actual measurement digital data is 
input to a diagnosis computer 214. The diagnosis com- 
puter 214 performs appropriate analysis processing of 
frequency analysis, envelope analysis, and the like for 
the input actual measurement digital data to generate 
actual measurement frequency spectrum data and cal- 
culates the level difference between each arbitrary data 
point and its immediately preceding data point and a 
gradient to find a peak value for the generated actual 
measurement frequency spectrum data. 
[0131] The reason why the peak value can be found 
will be discussed. 

[0132] Since the actual measurement frequency 
spectrum data is digital data, each frequency and spec- 
trum level data exist discretely, of course. Thus, an ex- 
pression of a curve (namely, function) is not required 
and the level difference between data points can be 
used to find a peak value. 

[01 33] Specifically, in FIG. 1 7, the value difference be- 
tween the level of one frequency component (Y1) and 
the level one data before the frequency component (Y0) 
is calculated and the result is obtained as the difference 
data (5=Y1-Y0). 

[01 34] When the sign of the difference data (8) chang- 
es from plus to minus (zero in some cases), an inflection 
point is indicated and therefore the frequency data and 
spectrum level data involved in the difference data on 
which plus or minus is based is the peak value. 
[0135] The peak value is calculated regardless of 
whether or not the crest is steep. By the way, the peak 
value required for diagnosis aims at only sharp wave- 
forms and thus data when the gradient formed by the 
frequency data (x) and the spectrum level data (y) ex- 
ceeds 1 (dy/dx>1) oris smaller than -1 (dy/dx<-1) is de- 
fined as the peak value. 

[0136] The presence or absence of an anomaly and 
the anomaly part can be diagnosed by comparing with 
the frequency component caused by the bearing based 
on the peak value thus found. 

[0137] FIG. 18 shows an example of extracting 10 
points of large spectrum levels in order using a peak val- 
ue extracting method from frequency components of 
large spectrum levels about the frequency analysis re- 
sult of data after undergoing AD conversion. 
[0138] FIG. 19 shows an example of extracting 10 
points of large spectrum levels in order by the peak val- 
ue extracting method of the embodiment. 
[01 39] As shown in FIG. 1 8, it is seen that in the peak 
value extracting method in order from the frequency 
components of large spectrum levels, three points are 
extracted in the proximity of 1 40 Hz of valley points (val- 
ues) of the spectrum although the level is high. 
[0140] In contrast, in the peak value extracting meth- 
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od of the embodiment, as shown in FIG. 19, only peaks 
are extracted and the peaks In the proximity of 60 Hz 
can be extracted as 1 0 points of large spectrum levels. 
Adopting the peak value extracting method, only the 
peaks are extracted, so that lost of necessary data as 5 
the valley points (values) of the spectrum are extracted 
can be prevented. 

[01 41 ] After the peak values are thus found for the ac- 
tual measurement frequency spectrum data, the pres- 
ence or absence of an anomaly in the bearing is deter- 10 
mined by comparing the peak values on the actual 
measurement frequency spectrum data relative to the 
frequency component caused by an anomaly in the 
bearing. 

[0142] FIG. 20 is a flowchart to show the processing 15 
procedure of the anomaly diagnosis method executed 
by the anomaly diagnosis apparatus of the sixth embod- 
iment. 

[0143] In the figure, steps 231 to 237 are the same as 
those previously described with reference to FIG. 12 20 
and therefore will not be discussed again. 
[01 44] In the embodiment, envelope processing is ex- 
ecuted (step 237) and frequency analysis processing is 
performed for the provided envelope data (step 258) 
and actual measurement frequency spectrum data is 25 
generated. For the generated actual measurement fre- 
quency spectrum data, the level difference between 
each arbitrary data point and its immediately preceding 
data point and a gradient are calculated to calculate a 
peak value (step 261 ). 30 
[0145] At step 262, computation shown in FIG. 13 is 
performed based on the design specifications and use 
conditions of the bearing used at the diagnosis point, 
and the frequency component value occurring when an 
anomaly occurs at a specific point of the bearing is cal- 35 
culated. The calculated frequencies correspond to an 
inner ring flaw, an outer ring flaw, a rolling element flaw, 
and cage sound. The frequency component values may 
be calculated before the step or when a similar diagno- 
sis was conducted formerly, the data may be used. The 40 
specification data used for calculation is previously in- 
put. 

[0146] Next, from the frequency spectrum data pro- 
vided at step 258, inner ring flaw component Si (Zfi), out- 
er ring flaw component So (Zfc), rolling element flaw 45 
component Sb (2fb), and cage component Sc (fc) are 
extracted in response to the frequency component val- 
ues calculated at step 262 (step 263), and the compo- 
nents are compared with the peak value calculated at 
step 261 (step 264). If there is no peak value in all com- so 
ponents, it is determined that the bearing is normal (step 
265). 

[0147] If there is the peak value in any component, 
the corresponding part is determined abnormal, and a 
message is output (step 266). 55 
[0148] That is, if the peak value exists for the inner 
ring flaw component Si (Zfi), it is determined that the 
inner ring contains an anomaly of a flaw, etc. If the peak 



value exists for the outer ring flaw component So (Zfc), 
it is determined that the outer ring contains an anomaly 
of a flaw, etc. If the peak value exists for the rolling ele- 
ment flaw component Sb (2fb), it is determined that the 
rolling element contains an anomaly of a flaw, etc. If the 
peak value exists for the cage component Sc (fc), it is 
determined that the cage contains an anomaly of a flaw, 
etc. If the peak value exists for a plurality of frequency 
components, it can be determined that there are a plu- 
rality of abnormal points. For example, if the peak value 
exists for each of the inner ring flaw component Si (Zfi) 
and the outer ring flaw component So (Zfc), it can be 
determined that the inner ring and the outer ring are ab- 
normal. 

[0149] Thus, according to the anomaly diagnosis 
method of the sixth embodiment, to conduct frequency 
analysis or envelope analysis on the signal provided by 
detecting sound or vibration at the bearing use point and 
extract frequency peaks from the actual measurement 
frequency spectrum data provided accordingly, for the 
actual measurement frequency spectrum data, the level 
difference between each arbitrary data point and its im- 
mediately preceding data point and a gradient are cal- 
culated to find a peak value, so that extracting of a valley 
can be circumvented and higher-accuracy diagnosis is 
made possible as compared with the case of extracting 
from frequency components of large spectrum levels. 
[0150] In the embodiment, the signal generated from 
the sliding member of a machine installation 203 is proc- 
essed, but the invention can also be applied to a mode 
wherein a shape signal of roughness, etc., is converted 
into a digital amount. 

[01 51] In the embodiment, the peak value is found for 
the waveform after frequency analysis or envelope anal- 
ysis, but the peak value may be extracted from actual 
measurement digital data into which data of detected 
sound or vibration occurring from the bearing is convert- 
ed. 

[0152] FIG. 21 is a block diagram to show a schematic 
configuration of a seventh embodiment of an anomaly 
diagnosis apparatus according to the invention. Com- 
ponents common to those of the anomaly diagnosis ap- 
paratus 201 of the fifth embodiment shown in FIG. 11 
are denoted by the same reference numerals in FIG. 21 . 
[0153] An anomaly diagnosis apparatus 205 of the 
seventh embodiment detects sound or vibration at a 
bearing use point by a sensor 21 1 and converts detected 
analog signal into digital data by an AD converter 213 
to generate actual measurement digital data and inputs 
the generated actual measurement digital data to a di- 
agnosis computer 214. The diagnosis computer 21 4 in- 
cludes a pointing device 215 such as a mouse and an 
AD converter 21 6 for converting X and Y. coordinate da- 
ta output from the pointing device 215 into digital data. 
[0154] The diagnosis computer 214 further includes 
a graphical user interface 217, enabling the user to use 
the pointing device 215 to select any desired time do- 
main out of a time domain waveform based on waveform 
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data after AD conversion or any desired frequency do- 
main out of a frequency domain waveform based on 
waveform data provided by conducting frequency anal- 
ysis of the waveform data after AD conversion, as de- 
scribed below. 5 
[01 55] The waveform data after AD conversion or the 
waveform data provided by conducting frequency anal- 
ysis of the waveform data after AD conversion is dis- 
played on a monitor (not shown) of the diagnosis com- 
puter 214. While seeing the display, the user operates 10 
the pointing device 215 to specify any desired time do- 
main waveform or any desired frequency domain wave- 
form. 

[0156] When the user uses the pointing device 215 to 
select any desired time domain part out of the waveform is 
data visually displayed on the monitor, appropriate anal- 
ysis processing of frequency analysis, envelope analy- 
sis, etc., is performed for the data in the time domain 
part to generate actual measurement frequency spec- 
trum data and visually displays the actual measurement 20 
frequency spectrum data on the monitor. Next, when the 
user uses the pointing device 21 5 to specify any desired 
frequency domain part in the frequency domain wave- 
form visually displayed on the monitor, the diagnosis 
computer 21 4 assumes the frequency domain part to be 25 
a filter band and filters actual measurement digital data 
to generate new actual measurement frequency spec- 
trum data. 

[0157] After the actual measurement frequency spec- 
trum data is generated, the level difference between so 
each data point and its immediately preceding data point 
and a gradient are calculated to find a peak value in the 
ascending order of the frequencies. After the peak value 
is found, it is compared with the peak value on the actual 
measurement frequency spectrum data for the f requen- 35 
cy component occurring when a specific part of the bear- 
ing is abnormal, and the presence or absence of an 
anomaly in the bearing is diagnosed. 
[01 58] Here, a specific example will be discussed with 
reference to the accompanying drawings. 40 
[0159] FIG. 22 is a raw signal data waveform chart 
after AD conversion. The user uses the pointing device 
215 to drag a portion which seems to be less affected 
by noise, etc., in the signal data waveform, thereby se- 
lecting any desired time domain. 45 
[0160] The hatched portion in the figure is the select- 
ed portion (time domain part). After the time domain part 
is selected, a raw waveform of signal data in the select- 
ed range is visually displayed automatically or by simple 
operation (see FIG. 23). If necessary, further range se- so 
lection can also be performed. Envelope processing and 
frequency analysis are performed for the selected signal 
data automatically or by simple operation and a frequen- 
cy spectrum (see FIG. 24) and an envelope frequency 
spectrum (see FIG. 25) are visually displayed. 55 
[01 61 ] If the user uses the pointing device 21 5 to drag 
any desired frequency domain (see FIG. 26) in the fre- 
quency spectrum , filtering with the selected range as the 



filter band, envelope processing, and frequency analy- 
sis are performed automatically or by simple operation 
and a frequency spectrum (see FIG. 27) and an enve- 
lope frequency spectrum (see FIG. 28) are visually dis- 
played. 

[0162] Thus, according to the anomaly diagnosis 
method of the seventh embodiment of the invention, the 
user can use the pointing device 215 such as a mouse 
to select the analysis range and the filtering range for 
any desired waveform range in the time waveform after 
AD conversion and the spectrum waveform after fre- 
quency analysis, so that a signal having a high S/N ratio 
can be extracted by simple operation and higher-accu- 
racy diagnosis is made possible. 
[0163] At this time, the user can also listen to sound 
data after being filtered and can also make a determi- 
nation by the hearing sense. 

[0164] FIG. 29 is a flowchart to show a diagnosis 
processing procedure of an anomaly diagnosis method 
executed by an eighth embodiment of an anomaly diag- 
nosis apparatus according to the invention. The basic 
hardware configuration of the apparatus may be similar 
to that of the apparatus of the fifth embodiment shown 
in FIG. 11 and therefore the hardware configuration will 
not be discussed again. 

[0165] In an anomaly diagnosis method according to 
the eighth embodiment, sound or vibration produced by 
a machine installation containing a sliding member is 
analyzed, thereby diagnosing the presence or absence 
of an anomaly in the sliding member, etc., of the ma- 
chine installation. 

[0166] The expression "sliding member, etc., of ma- 
chine installation" mentioned here is used to mean that 
the sliding member of the machine installation and a 
sliding member relevant member joined to the sliding 
member or supporting the sliding member in the ma- 
chine installation are included. 

[0167] For example, bearings, ball screws, linear 
guides, motors, etc., come under the sliding members. 
[0168] In the anomaly diagnosis method according to 
the eighth embodiment, first a signal representing sound 
or vibration produced by the sliding member, etc., of the 
machine installation is detected and actual measure- 
ment frequency spectrum data of a frequency spectrum 
of the detected signal or its envelope signal is generat- 
ed. The later processing is performed according to the 
procedure shown in FIG. 29. 

[0169] That is, first a basic frequency component 
comparison process of checking whether or not the fre- 
quency at an appearance point of a peak equal to or 
higher than a reference level on the actual measure- 
ment frequency spectrum data matches the basic fre- 
quency at which a peak appears because of an anomaly 
in a specific part of the sliding member, etc., is executed 
(step 301 ) and when the frequency at the appearance 
point of the peak equal to or higher than the reference 
level on the actual measurement frequency spectrum 
data does not match the basic frequency in the basic 
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frequency component comparison process, the sliding 
member, etc., is diagnosed as no anomaly (step 302). 
[0170] When the frequency at the appearance point 
of the peak equal to or higher than the reference level 
on the actual measurement frequency spectrum data s 
matches the basic frequency in the basic frequency 
component comparison process at step 301 , the proc- 
ess advances to step 303 and a low-frequency compo- 
nent comparison process of checking the presence or 
absence of a frequency component having a peak equal 10 
to or higher than the reference level in a low-frequency 
range equal to or less than the basic frequency on the 
actual measurement frequency spectrum data is exe- 
cuted. 

[0171] When the actual measurement frequency is 
spectrum data does not have a peak equal to or higher 
than the reference level in the low-frequency range 
equal to or less than the basic frequency in the low-fre- 
quency component comparison process at step 303 , the 
sliding member, etc., is diagnosed as an anomaly in the 20 
specific part (step 304). 

[0172] On the other hand, when the actual measure- 
ment frequency spectrum data has a peak equal to or 
higher than the reference level in the low-frequency 
range equal to or less than the basic frequency in the 25 
low-frequency component comparison process at step 
303, the process advances to step 305 and a harmonic 
component comparison process of determining whether 
or not the harmonic of the frequency component having 
the peak equal to or higher than the reference level in 30 
the low-frequency range equal to or less than the basic 
frequency matches the basic frequency is executed. 
[0173] When the harmonic of the frequency compo- 
nent having the peak equal to or higher than the refer- 
ence level in the low-frequency range equal to or less 35 
than the basic frequency does not match the basic fre- 
quency in the harmonic component comparison process 
at step 305, the sliding member, etc., is diagnosed as 
an anomaly in the specific part (step 306); when the har- 
monic matches the basic frequency, the sliding member, 40 
etc., is diagnosed as no anomaly in the specific part 
(step 307). 

[01 74] The situation in which the peak level on the ac- 
tual measurement frequency spectrum data exceeds 
the reference level is caused to occur not only in the 45 
case where an anomaly of damage, etc., occurs in the 
sliding member, etc., but also by any other factor of over- 
lap of frequency components of rotation components, 
etc., of the sliding member, etc., contained in the ma- 
chine installation, the effect of harmonic, etc. 50 
[0175] Thus, if the sliding member, etc., is diagnosed 
as an anomaly based simply on the fact that the basic 
frequency at which a peak appears because of an 
anomaly in a specific part of the sliding member, etc., 
matches the peak on the actual measurement f requen- 55 
cy spectrum data as the result of making comparison 
therebetween, in fact the peak equal to or higher than 
the reference level is caused by any other factor and no 



anomaly may occur in the sliding member, etc.; there is 
a risk of incurring degradation of reliability of the diag- 
nosis. 

[0176] However, as in the embodiment, when a match 
is found in the basic frequency component comparison 
process, if the low-frequency component comparison 
process and the harmonic component comparison proc- 
ess are further executed, whether or not the peak equal 
to or higherthan.the reference level in the basic frequen- 
cy on the actual measurement frequency spectrum data 
is caused by any other factor of overlap of frequency 
components of rotation components, etc., of the sliding 
member, etc., the effect of harmonic, etc., for example, 
rather than an anomaly of damage, etc., in the sliding 
member. 

[0177] Thus, erroneous diagnosis of assuming that 
the peak caused by any other factor of overlap of fre- 
quency components of rotation components, etc., of the 
sliding member, etc., the effect of harmonic, etc., is 
caused by an anomaly in the sliding member, etc., can 
be circumvented and the reliability of diagnosing the 
presence or absence of an anomaly in the sliding mem- 
ber, etc., can be improved. 

[0178] Next, waveform charts of actual measurement 
frequency spectrum of the sliding member to be diag- 
nosed and a diagnosis process according to the embod- 
iment for each waveform chart will be discussed. 
[0179] FIG. 30 is a schematic representation of a 
waveform when the diagnosis processing in FIG. 29 is 
executed for a damaged inner ring of a rolling bearing 
as the sliding member. In the basic frequency compo- 
nent comparison process, it is recognized that the peak 
equal to or higher than the reference level matches the 
basic frequency of the peak caused by the inner ring 
damage (Zfi: 89.9 Hz). Thus, the low-frequency compo- 
nent comparison process is executed. In the low-fre- 
quency component comparison process, it is recog- 
nized that a high-level component is not found in the 
low-frequency range equal to or less than the basic fre- 
quency (Zfi: 89.9 Hz) and therefore it is not assumed 
that occurrence of the large peak in the basic frequency 
is caused by any other factor mentioned above, and the 
process advances to step 304 and the inner ring is di- 
agnosed as an anomaly. 

[0180] FIG. 31 is a schematic representation of a 
waveform when the diagnosis processing in FIG. 29 is 
executed for an undamaged outer ring of a rolling bear- 
ing as the sliding member. In the basic frequency com- 
ponent comparison process, it is recognized that the 
peak equal to or higher than the reference level matches 
the basic frequency of the peak caused by the outer ring 
damage (Zfc: 194.7Hz). Thus, the low-frequency com- 
ponent comparison process is executed. In the low-fre- 
quency component comparison process, it is recog- 
nized that a high-level component f 1 (64.5 Hz) exists in 
the lower-frequency range than the basic frequency 
(Zfc: 194.7 Hz) and therefore the harmonic component 
comparison process at step 305 is executed. 
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[0181] In the harmonic component comparison proc- 
ess, it is recognized that the harmonic of the high-level 
component f1 (64.5 Hz) in the low-frequency range 
roughly matches the basic frequency and therefore it is 
assumed that occurrence of the large peak in the basic 5 
frequency is caused by any other factor mentioned 
above, and the process advances to step 307 and the 
outer ring is diagnosed as no anomaly. 
[0182] FIG. 32 is a schematic representation of a 
waveform when the diagnosis processing in FIG. 29 is 10 
executed for a damaged inner ring of a rolling bearing 
as the sliding member. In the basic frequency compo- 
nent comparison process, it is recognized that the peak 
equal to or higher than the reference level matches the 
basic frequency of the peak caused by the inner ring *5 
damage (Zfi: 150.7 Hz). Thus, the low-frequency com- 
ponent comparison process is executed. In the low-fre- 
quency component comparison process, a higher-level 
component f2 (30.1 Hz) than the reference level is found 
in the low-frequency range equal to or less than the ba- 20 
sic frequency (Zfi: 150.7 Hz). Therefore, the process 
goes to step 305 and the harmonic component compar- 
ison process is executed. 

[0183] In the harmonic component comparison proc- 
ess, it is recognized that the harmonic of the high-level 25 
component f2 (30.1 Hz) in the low-frequency range 
roughly matches the basic frequency, but the level of the 
basic frequency is higher than the level of the compo- 
nent f2 and therefore it is not assumed that occurrence 
of the large peak in the basic frequency is caused by 30 
any other factor mentioned above, and the process ad- 
vances to step 306 and the inner ring is diagnosed as 
an anomaly. 

[01 84] As described above, if the low-frequency com- 
ponent comparison process and the harmonic compo- 55 
nent comparison process are added to the basic fre- 
quency component comparison process and the pres- 
ence or absence of the effect of any other factor of har- 
monic, etc., is examined, higher-reliability diagnosis can 
be realized. 40 
[01 85] FIG. 33 is a block diagram to show a schematic 
configuration of a ninth embodiment of an anomaly di- 
agnosis method and apparatus of a machine installation 
accordingto the invention. FIG. 34 is a flowchart to show 
a diagnosis processing procedure of the anomaly diag- *s 
nosis apparatus of a machine installation shown in FIG. 
33. 

[0186] To being with, the schematic configuration of 
an anomaly diagnosis apparatus 401 of the ninth em- 
bodiment will be discussed with reference to FIG. 33 and so 
then the anomaly diagnosis method of a machine instal- 
lation executed by the anomaly diagnosis apparatus 
401 will be discussed in detail. 

[01 87] The anomaly diagnosis apparatus 401 of a ma- 
chine installation of the ninth embodiment includes vi- 55 
bration detection means 405 for outputting an analog 
electric signal responsive to sound or vibration pro- 
duced by a sliding member of the machine installation 



to be diagnosed, amplification member 407 for amplify- 
ing the signal output by the vibration detection means 
405, AD conversion means 409 for converting the ana- 
tog signal amplified by the amplification member 407 in- 
to a digital signal to generate actual measurement digital 
data, and computation processing means 413 for diag- 
nosing the presence or absence of an anomaly in a spe- 
cific part of the sliding member of the machine installa- 
tion based on the actual measurement digital data out- 
put by the AD conversion means 409. 
[0188] The embodiment assumes that the sliding 
member of the machine installation is a rolling bearing. 
Wearing of and damage to inner and outer rings, rolling 
element, a cage, etc., making up the rolling bearing are 
diagnosed based on sound or vibration when the rolling 
bearing is driven. 

[0189] In the embodiment, the expression "sound or 
vibration of sliding member of machine installation" is 
used to mean that AE (Acoustic Emission) when the slid- 
ing member of the machine installation is driven is con- 
tained. 

[0190] The computation processing means 413 is a 
diagnosis computer for performing computation 
processing of previously stored processing data and ac- 
tual measurement digital data received from the AD con- 
version means 409 according to a diagnosis program. 
[0191] The computation processing means 413 per- 
forms appropriate analysis processing of frequency 
analysis, envelope analysis, and the like for the actual 
measurement digital data output by the AD conversion 
means 409 to generate actual measurement frequency 
spectrum data and diagnoses the presence or absence 
of an anomaly in a specific part of the sliding member 
403 of the machine installation based on the presence 
or absence of a peak on the actual measurement fre- 
quency spectrum data for the first-order, second-order, 
fourth-order value of frequency component occurring 
when the specific part of the machine installation 403 
containing the sliding member is abnormal. 
[0192] The described anomaly diagnosis apparatus 
401 of the machine installation performs processing ac- 
cording to the procedure shown in FIG. 34. 
[0193] First, the vibration detection means 405 de- 
tects sound or vibration produced by the machine instal- 
lation 403 containing the sliding member (step S431). 
Next, a signal provided by the amplification means 407 
is converted into a digital signal by the AD conversion 
means 409 (step S432) and the digital signal is passed 
to the computation processing means 413. 
[0194] The computation processing means 413 puts 
the signal received from the AD conversion means 409 
into a digital file in a file format such as a WAV file, for 
example, (step S433). If necessary, filtering is per- 
formed for removing, etc., extra signal to generate ac- 
tual measurement digital data. 

[0195] In the embodiment, as the filtering, predeter- 
mined processing is performed for the input signal by a 
filtering program previously built in the computation 
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processing means 413, and the filtering is made up of 
a fitter band selection step of presetting the frequency 
range to be cut, etc., (step S434) and a filtering step of 
cutting extra signal according to the selected filter band 
(step S435). 5 
[01 96J The filtering at steps S434 and S435 is execut- 
ed to improve the S/N ratio of the collected data and 
need not be executed if the S/N ratio of the input signal 
is sufficient. 

[0197] Next, analysis processing of frequency analy- 10 
sis, envelop analysis, and the like is performed for the 
generated actual measurement digital data (steps S436 
and S107), and actual measurement frequency spec- 
trum data d1 representing sound or vibration detected 
from the machine installation 403 containing the sliding *5 
member is obtained (step S438). 
[0198] The obtained actual measurement frequency 
spectrum data d1 is waveform w1 shown in FIG. 35. 
[0199] This waveform w1 is provided by rotating the 
inner ring at a speed of 1 50 rpm with the outer ring fixed 20 
in the rolling bearing as the sliding member of the ma- 
chine installation. 

[0200] Further, the computation processing means 
41 3 diagnoses the presence or absence of an anomaly 
in a specific part of the machine installation 403 contain- 25 
ing the sliding member based on the presence or ab- 
sence of a peak on the actual measurement frequency 
spectrum data d1 for the first-order, second-order, 
fourth-order value of frequency component occurring 
when the specific part of the machine installation 403 30 
containing the sliding member is abnormal (step S439). 
[0201] As for the bearing of the sliding member of the 
machine installation, the frequency component values 
occurring when specific parts are abnormal are deter- 
mined in response to the design specifications and use 35 
conditions of the bearing, as shown in FIG. 13. 
[0202] The computation processing means 413 pre- 
viously stores as reference values the first-order, sec- 
ond-order, and fourth-order values of frequency compo- 
nent occurring when each specific part shown in FIG. 40 
13 is abnormal for the machine installation 403 contain- 
ing the sliding member, and executes step S439 based 
on the reference values. 

[0203] At step S439, specifically, according to a pro- 
cedure shown in FIG. 36, a comparison process of *s 
checking the presence or absence of a peak on the ac- 
tual measurement frequency spectrum data d1 for the 
first-order, second-order, fourth-order value of frequen- 
cy component occurring when each specific part of the 
machine installation 403 containing the sliding member so 
is abnormal is executed. If it is recognized that a peak 
exists on the actual measurement frequency spectrum 
data d1 in two or more frequency components as both 
the first-order value and the second-order value of the 
frequency component match a peak on the actual meas- 55 
urement frequency spectrum data d1 (steps S451 and 
S452) or as both the second-order value and the fourth- 
order value match a peak on the actual measurement 



frequency spectrum data d1 although the first-order val- 
ue of the frequency component does not match a peak 
on the actual measurement frequency spectrum data d1 
(steps S461 and S462), the sliding member is diag- 
nosed as an anomaly in the specific part (step S471 ). 
[0204] On the other hand, if a peak exists on the actual 
measurement frequency spectrum data d1 in one or no 
frequency component, the possibility that a peak may 
happen to be formed because of vibration, etc., caused 
by anomaly in any other part as noise is high, and the 
sliding member is diagnosed as no anomaly (step 
S481). 

[0205] FIG. 37 shows three frequency components of 
first-ordervalueQ1 , second-order value Q2, and fourth- 
order value Q4 of frequency components occurring due 
to damage to the outer ring of a specific part by dashed 
lines in the waveform w1 provided by rotating the inner 
ring at a speed of 150 rpm with the outer ring fixed in 
the rolling bearing as the sliding member of the machine 
installation. 

[0206] FIG. 35 shows all frequency components of 
first-order value Q1 to high-order Qn of frequency com- 
ponents occurring due to damage to the outer ring by 
dashed lines in similar waveform w1 . 
[0207] In the anomaly diagnosis method executed by 
the anomaly diagnosis apparatus 401 of the machine 
installation of the ninth embodiment described above, 
the comparison process of checking the presence or ab- 
sence of a peak on the actual measurement frequency 
spectrum data d1 corresponding to frequency compo- 
nents occurring when each specific part of the machine 
installation 403 containing the sliding member is abnor- 
mal is limited to three times of the first-order, second- 
order, and fourth-order values of the frequency compo- 
nents occurring when the specific part of the machine 
installation 403 containing the sliding member is abnor- 
mal and therefore the computation processing amount 
in the comparison process is drastically decreased as 
compared with the related art case where the compari- 
son process is repeated for all of a large number of fre- 
quency components of first-order to high-orderfrequen- 
cy components, for example, as shown in FIG. 35. 
[0208] Thus, the load on the computation processing 
means 413 in analyzing the vibration signal detected 
from the machine installation 403 containing the sliding 
member is lightened drastically and the diagnosis work 
can be speeded up. Since the computation processing 
amount is decreased, it is made possible to use an in- 
expensive computer having a low computation process- 
ing capability as the computer used as the computation 
processing means 413 and it is also made possible to 
decrease the apparatus cost. 

[0209] Further, if a determination is made based only 
on the first-order component of frequency components 
occurring under abnormal condition, there is a possibil- 
ity of making an erroneous diagnosis as a peak on the 
corresponding actual measurement frequency spec- 
trum happens to shift or grow due to the effect of noise, 
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etc. 

[0210] However, to execute the comparison process 
three times of the first-order, second-order, and fourth- 
order values of the frequency components occurring 
when the specific part of the machine installation 403 5 
containing the sliding member is abnormal as described 
above, there is almost no probability that the process 
will receive the effect of noise, etc., three times, and the 
reliability of the diagnosis can be improved. 
[0211] Preferably, after generating the actual meas- 10 
urement frequency spectrum data d1 , the computation 
processing means 413 calculates an effective value f1 
of the actual measurement frequency spectrum data d1 , 
sets a threshold value t1 based on the effective value 
f1 , and handles each peak on the actual measurement 15 
frequency spectrum data d1 for the first-order value Q1 , 
the second-order value Q2, and the fourth-order value 
Q4 of the frequency components occurring when the 
specific part of the machine installation 403 containing 
the sliding member is abnormal as the effective peak 20 
only when the peak exceeds the threshold value t1 . 
[0212] In FIG. 38, the effective value f1 and the 
threshold value t1 are written into a waveform w2 of the 
actual measurement frequency spectrum data d1 pro- 
vided by rotating the inner ring at a speed of 1 50 rpm 25 
with the outer ring fixed in the rolling bearing as the slid- 
ing member of the machine installation. First-order val- 
ue q1 , second-order value q2, and fourth-order value q4 
of the frequency components occurring due to a flaw of 
the rolling element of the rolling bearing as the sliding 30 
member of the machine installation are written into the 
waveform w2 by dotted lines. 

[0213] In this case, the effective value f1 is provided 
as the average level of amplitude of the waveform w2 is 
calculated, and is -8.5 dB 35 
[0214] The threshold value t1 is 1.5 dB because of 
setting 

t1=(f1+10dB) (1) 4Q 

[0215] In this example, it is shown that all of thethree 
peaks corresponding to the first-order value, the sec- 
ond-order value, and the fourth-order value of the fre- 
quency components occurring due to the flaw of the roll- *5 
ing element are greater than the threshold value t1 and 
the comparison process is required. 
[0216] When it is thus made possible to select signif- 
icant peaks based on the threshold value t1, if an ex- 
traction process of extracting effective peaks based on so 
the threshold value t1 is performed, for example, before 
a computation process for comparison for the peaks on 
the actual measurement frequency spectrum data cor- 
responding to the first-order value, the second-order 
value, and the fourth-order value of the frequency com- 55 
ponents occurring when trie specific part of the machine 
installation 403 containing the sliding member is abnor- 
mal is executed, waste of executing the comparison 



process for insignificant peaks can be avoided and the 
load of the computation processing amount is further- 
more lightened and speeding up the diagnosis process 
can be promoted. 

[0217] In the embodiments described above, diag- 
nosing the presence or absence of an anomaly of dam- 
age to each specific part has been shown. 
[021 8] However, if appropriate analysis processing of 
frequency analysis, envelope analysis, and the like is 
performed for the actual measurement digital data to 
generate the actual measurement frequency spectrum 
data d1 as described above, it is advisable to calculate 
the effective value f1 of the actual measurement fre- 
quency spectrum data d1, set the calculated effective 
value as reference level L0, and estimate the magnitude 
of damage to the specific part of the sliding member of 
the machine installation causing an anomaly to occur 
from the value of level difference 1 between level Lh on 
the actual measurement frequency spectrum data d1 
corresponding to the first-order Q1 of the frequency 
components occurring when the specific part of the ma- 
chine installation 403 containing the sliding member is 
abnormal and the reference level L0, for example, as 
shown in FIG. 39. 

[0219] FIG. 40 shows the relationship between the 
magnitude of peel and the level difference between 
each peak appearing on the actual measurement fre- 
quency spectrum data d1 and the reference level when 
peel of damage to a raceway ring occurs in the rolling 
bearing as the sliding member of the machine installa- 
tion. 

[0220] Thus, generally the level difference grows in 
proportion to the magnitude of damage and therefore if 
the level difference between each peak appearing on 
the actual measurement frequency spectrum data d1 
and the reference level is found, the magnitude of dam- 
age can be estimated. 

[0221] Moreover, growing of the peak level on the ac- 
tual measurement frequency spectrum caused by dam- 
age to the machine installation 403 containing the slid- 
ing member becomes most noticeable at the peak cor- 
responding to the first-order value of the frequency com- 
ponents caused by the anomaly. 
[0222] Thus, the level difference between the level on 
the actual measurement frequency spectrum data cor- 
responding to the first-order value of the frequency com- 
ponents occurring when the specific part of the machine 
installation 403 containing the sliding member is abnor- 
mal and the effective value of the actual measurement 
frequency spectrum data is calculated, whereby the 
magnitude of the damage can be estimated efficiently 
by performing minimum computation processing, and 
the damaged part replacement time is determined from 
the estimated magnitude of the damage, so that exces- 
sive parts replacement and maintenance are circum- 
vented and it is made possible to reduce the upkeep cost 
in the machine and the installation containing the sliding 
member of the machine installation. 
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[0223] The average value of the actual measurement 
frequency spectrum data d1 may be adopted as the ref- 
erence level L0 in place of the effective value f 1 . 
[0224] The machine installation and the sliding mem- 
ber diagnosed by the anomaly diagnosis method and 
apparatus of the machine installation of the invention 
are not limited to the rolling bearings shown in the em- 
bodiments described above. 

[0225] Any machine installation can be diagnosed if it 
is a machine installation or a machine containing one or 
more sliding members wherein vibration occurs due to 
rotary sliding or linear sliding of the sliding member. The 
sliding members also include ball screws, linear guides, 
motors, etc., for example, in addition to the rolling bear- 
ings. 

[0226] The sliding member of the machine installation 
can be diagnosed without being removed from the ma- 
chine or the installation if sound or vibration occurring 
when the sliding member of the machine installation is 
rotated can be detected by predetermined vibration de- 
tection means even with the sliding member built in the 
machine or the installation. 

[0227] FIG. 41 is a block diagram to show a schematic 
configuration of a tenth embodiment of an anomaly di- 
agnosis apparatus of a machine installation according 
to the invention. FIG. 42 is a flowchart to show a diag- 
nosis processing procedure of the anomaly diagnosis 
apparatus of a machine installation shown in FIG. 41 . 
[0228] An anomaly diagnosis apparatus 501 of a ma- 
chine installation of the embodiment includes vibration 
detection means 505 for outputting an analog electric 
signal responsive to sound or vibration produced by a 
machine installation containing a sliding member 503 to 
be diagnosed, amplification member 507 for amplifying 
the signal output by the vibration detection means 505, 
AD conversion means 509 for converting the analog sig- 
nal amplified by the amplification member 507 into a dig- 
ital signal to generate actual measurement digital data, 
sampling reference setting means 511 for setting a ref- 
erence value to exclude an area where the effect of 
noise is large from the output signal of the vibration de- 
tection means 505, input means 513 for inputting nec- 
essary information for the sampling reference setting 
means 511 to set the reference value, sampling means 
515 for extracting effective actual measurement data 
with an area where the effect of noise is large excluded 
from the output signal of the vibration detection means 
505 based on the reference value set in the sampling 
reference setting means 511, and computation process- 
ing means 51 7 for diagnosing the presence or absence 
of an anomaly in a specific part of the machine installa- 
tion containing the sliding member 503 based on the ef- 
fective actual measurement data extracted by the sam- 
pling means 515. 

[0229] The embodiment assumes that the machine 
installation containing the sliding member 503 is a rolling 
bearing. Wearing of and damage to inner and outer 
rings, rolling element, a cage, etc., making up the rolling 



bearing are diagnosed based on sound or vibration 
when the rolling bearing is driven. 
[0230] In the embodiment, the expression "sound or 
vibration of the machine installation containing the slid- 

5 ing member 503" is used to mean that AE (Acoustic 
Emission) when the sliding member of the machine in- 
stallation is driven is contained. 
[0231] The output signal of the vibration detection 
means 505 is passed through the amplification member 

io 507 and the AD conversion means 509 and becomes a 
waveform with voltage v changing as shown in FIG. 43. 
In FIG. 43, the horizontal axis represents the elapsed 
time and the vertical axis represents the voltage value 
of the magn itude proportional to the magnitude of sound 

*5 or vibration of the machine installation containing the 
sliding member 503 (units: v). 

[0232] In FIG. 43, A point and B point indicate points 
where the voltage value becomes excessive because 
of noise. 

20 [0233] The sampling reference setting means 511 
sets the reference value to exclude an area where the 
effect of noise is large from the output signal of the vi- 
bration detection means 505 based on information (da- 
ta) previously specified by the input means 513. 

25 [0234] In the embodiment, the reference value is the 
reference voltage to detect the A point and B point where 
the voltage value is excessive because of noise from 
the detection waveform in FIG. 43, and is 1 .5 v. 
[0235] The reference voltage generally is a larger val- 

30 ue than the peak voltage value of the waveform pro- 
duced because of an anomaly in the machine installa- 
tion containing the sliding member and is set based on 
the reference voltage value specification (numeric input) 
from the input means 513. 

35 [0236] The sampling means 515 extracts the effective 
actual measurement data provided by excluding an area 
containing an excessive value exceeding the reference 
value set in the sampling reference setting means 511 
because of the effect of noise from the detection data 

40 shown in FIG. 43. 

[0237] In FIG. 43, the data in the section from A point 
to B point (time domain) is extracted as the effective ac- 
tual measurement data. 

[0238] However, in the A point, the sampling is started 
45 on the falling edge of the peak waveform, thereby ex- 
cluding the effect of noise. In the B point, the sampling 
is terminated on the rising edge of the peak waveform, 
thereby excluding the effect of noise. 
[0239] The computation processing means 517 is a 
so diagnosis computer for performing computation 
processing of previously stored processing data and ef- 
fective actual measurement data received from the 
sampling means 515 according to a diagnosis program. 
[0240] The computation processing means 517 per- 
55 forms appropriate analysis processing of frequency 
analysis, envelope analysis, and the like for the effective 
actual measurement data output by the sampling means 
515 to generate actual measurement frequency spec- 
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trum data and diagnoses the presence or absence of an 
anomaly in a specific part of the machine installation 
containing the sliding member 503 based on the pres- 
ence or absence of a peak on the actual measurement 
frequency spectrum data for the frequency components 
occurring when the specific part of the machine instal- 
lation containing the sliding member 503 is abnormal. 
[0241] FIG. 44 is a waveform chart of the actual meas- 
urement frequency spectrum data calculated by the 
computation processing means 517. 
[0242] The described anomaly diagnosis apparatus 
501 of the machine installation performs processing ac- 
cording to the procedure shown in FIG. 42. 
[0243] First, the vibration detection means 505 de- 
tects sound or vibration produced by the machine instal- 
lation containing the sliding member 503 (step S531). 
Next, a signal provided by the amplification means 507 
is converted into a digital signal by the AD conversion 
means 509 (step S532) and the digital signal is passed 
to the sampling means 515. 

[0244] The sampling means 515 extracts effective ac- 
tual measurement data with an area containing an ex- 
cessive value because of the effect of noise excluded 
from the signal received from the AD conversion means 
509 based on the reference value set in the sampling 
reference setting means 511 , and passes the extracted 
effective actual measurement data to the computation 
processing means 51 7 (step S533). 
[0245] The computation processing means 517 per- 
forms analysis processing of envelop analysis, FFT 
analysis, and the like for the effective actual measure- 
ment data input from the sampling means 515 (steps 
S534 and S535), and provides envelope FFT spectrum 
data as actual measurement frequency spectrum data 
representing sound or vibration detected from the ma- 
chine installation containing the sliding member 503 
(step S536). 

[0246] The provided envelope FFT spectrum data is 
spectrum waveform w1 shown in FIG. 44. It is applied 
when an outer ring is damaged in the rolling bearing as 
the machine installation containing the sliding member 
503. 

[0247] Further, the computation processing means 
51 7 diagnoses the presence or absence of an anomaly 
in a specific part of the machine installation containing 
the sliding member 503 based on the presence or ab- 
sence of a peak on the spectrum waveform w1 for the 
frequency components occurring when the specific part 
of the machine installation containing the sliding mem- 
ber 503 is abnormal (step S537). 
[0248] As for the bearing of the machine installation 
containing the sliding member, the frequency compo- 
nent values occurring when specific parts are abnormal 
are determined in response to the design specifications 
and use conditions of the bearing, as shown in FIG. 1 3. 
[0249] The computation processing means 517 pre- 
viously stores as diagnosis reference values the fre- 
quency components occurring when each specific part 



shown in FIG. 13 is abnormal for the machine installa- 
tion containing the sliding member 503, and executes 
step S537 based on the diagnosis reference values. 
[0250] At step S537, specifically, a comparison proc- 

5 ess of checking the presence or absence of a peak on 
the spectrum waveform w1 for the frequency compo- 
nents occurring when the specific part is abnormal for 
each specific part of the machine installation containing 
the sliding member 503 is executed. If the waveform has 

10 a peak in the frequency component occurring when the 
specific part is abnormal and the peak is a given level 
or higher, the sliding member is diagnosed as an anom- 
aly in the specific part. 

[0251 ] On the other hand, although the waveform has 
15 a peak in the frequency component occurring when the 
specific pari is abnormal, if the peak is a given level or 
lower, the sliding member is diagnosed as no anomaly 
in the specific part. 

[0252] Since the spectrum waveform w1 shown in 
20 FIG. 44 has a large peak in basic frequency component 
(Zfc) caused by outer ring damage of the rolling bearing, 
the bearing is diagnosed as an anomaly in the outer ring. 
[0253] FIG. 45 shows spectrum waveform w2 of en- 
velope FFT spectrum data generated as actual meas- 
25 urement digital data provided by the AD conversion 
means 509 for the same rolling bearing having the dam- 
aged outer ring is input directly to the computation 
processing means 517 without removing noise by the 
sampling means 515 and is subjected to analysis 
30 processing of envelop analysis, FFT analysis, and the 
like. 

[0254] Thus, if the outer ring is damaged, a peak no- 
ticeable in the basic frequency component (Zfc) caused 
by outer ring damage does not appear in the spectrum 

35 waveform w2 where noise is not removed, and there is 
a fear of overlooking occurrence of the above. 
[0255] As seen from the description given above, in 
the anomaly diagnosis apparatus 501 of the machine 
installation of the embodiment, the sampling means 51 5 

40 automatically executes removal of the noise component 
from the actual measurement data detected by the vi- 
bration detection means 505 from the machine installa- 
tion containing the sliding member 503 based on the ref- 
erence value set in the sampling reference setting 

45 means 511. 

[0256] Therefore, the person in charge of diagnosis 
for managing the anomaly diagnosis apparatus 501 of 
the machine installation need not check the actual 
measurement data to remove the noise component 

50 each time, and the necessity for interrupting processing 
of the anomaly diagnosis apparatus 501 of the machine 
installation to check the actual measurement data does 
not occur either. 

[0257] That is, it is not necessary to interrupt process- 
55 jng of the anomaly diagnosis apparatus 501 of the ma- 
chine installation to remove the noise component from 
the actual measurement data detected from the ma- 
chine installation containing the sliding member 503, 
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and the diagnosis processing can be speeded up. 
[0258] Further, the noise component is removed uni- 
formly by machine processing based on the reference 
value, so that the skill degree of the person in charge of 
diagnosis does not affect the noise component removal 5 
rate. Therefore, the noise component removal rate can 
be made constant and the reliability of the diagnosis can 
be stabilized. 

[0259] Since the person in charge of diagnosis need 
not check the actual measurement data to remove the 10 
noise component, an output unit for displaying the actual 
measurement data detected by the vibration detection 
means 505 in such a manner that the person in charge 
of diagnosis can check the actual measurement data 
can be omitted. As the output unit is omitted, the con- is 
figuration of the apparatus can be simplified and the ap- 
paratus cost can also be decreased. 
[0260] In the anomaly diagnosis apparatus of the ma- 
chine installation of the invention, the reference value 
set in the sampling reference setting means to exclude 20 
an area where the effect of noise is large is not limited 
to the voltage value shown in the embodiment. For ex- 
ample, if it is known that noise is earned periodically, the 
sampling timing may be adjusted by a delay circuit, etc. , 
matching the noise carrying timing, thereby eliminating 25 
the effect of noise. 

[0261] The reference value setting method in the 
sampling reference setting means is not limited to the 
method of directly specifying the reference value from 
the input means 513 as in the embodiment described 30 
above. 

[0262] For example, the sampling reference setting 
means 51 1 may include a computation processing func- 
tion of calculating the average level and the effective val- 
ue of the electric signals detected by the vibration de- 35 
tection means 505 and may automatically set the refer- 
ence value from the calculation results, the operation 
timing of the vibration detection means 505, etc., and a 
predetermined constant, etc. 

[0263] If the sampling reference setting means 511 40 
thus automatically sets the reference value, the data en- 
try operation of the person in charge of diagnosis in the 
anomaly diagnosis apparatus 501 of the machine instal- 
lation to set the reference value is decreased and the 
load on the person in charge of diagnosis is lightened 45 
and at the same time, the required time for the data entry 
operation is saved, so that speeding up of the process- 
ing can be ensured. 

[0264] The machine installation containing the sliding 
member diagnosed by the anomaly diagnosis appara- so 
tus of the machine installation of the invention is not lim- 
ited to the rolling bearings shown in the embodiment de- 
scribed above. Machine installations containing various 
sliding members other than bearings can be diagnosed. 
The machine installation containing the sliding member ss 
can be diagnosed without being removed from the ma- 
chine or the installation if sound or vibration occurring 
when the machine installation containing the sliding 



member is rotated can be detected by predetermined 
vibration detection means even with the machine instal- 
lation containing the sliding member built in the machine 
or the installation. 

[0265] In the embodiment, the process of excluding 
an area where the effect of noise is large is executed for 
the vibration signal detected by the vibration detection 
means after the AD conversion processing performs 
processing, but the process of excluding an area where 
the effect of noise is large can also be executed before 
the AD conversion is performed. 
[0266] While specific embodiments of the invention 
have been described in detail, it will be obvious to those 
skilled in the art that various changes and modifications 
may be made in the invention without departing from the 
spirit and scope thereof. 

[0267] The application is based on Japanese patent 
application filed on November 6, 2000 (2000-337675), 
Japanese patent application filed on October 23, 2001 
(2001-325003), Japanese patent application filed on 
December 6, 2000 (2000-371 747), Japanese patent ap- 
plication filed on October 23, 2001 (2001-324980), Jap- 
anese patent application filed on October 25, 2001 
(2001-327742), and Japanese patent application filed 
on October 23, 2001 (2001-325004), the contents of 
which are taken in here as references. 

industrial Applicability> 

[0268] As described above, according to the anomaly 
diagnosis apparatus of the machine installation of the 
invention described in (1), when the user of the machine 
installation wants diagnosis of the presence or absence 
of an anomaly in the sliding member used with the ma- 
chine installation, the user may transmit the sound or 
vibration data at the use point of the sliding member on 
the machine installation required for the anomaly diag- 
nosis, the information identifying the sliding member, the 
sliding member use condition information, etc., from the 
user information processing terminal through the net- 
work to the diagnosis processing server. To make a di- 
agnosis request, if the information of the use conditions 
of the sliding member and the like sent by the user to 
the diagnosis processing server is once prepared and 
stored in the user information processing terminal, it can 
be used repeatedly, similar information need not be pre- 
pared from the beginning each time an anomaly diag- 
nosis request is made, and the burden required for pre- 
paring information required for making an anomaly di- 
agnosis request canbe lightened drastically. Further, the 
requested diagnosis processing is executed promptly 
within the scope of the information processing perform- 
ance of the diagnosis processing server 1 , so that the 
user can get the diagnosis result early. 
[0269] Therefore, if the user does not have a dedicat- 
ed analytical instrument or a skill required for anomaly 
diagnosis of the sliding member, the user can make an 
anomaly diagnosis request easily with a small burden 
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and moreover can get the diagnosis result promptly and 
deal with occurrence of the anomaly rapidly. 
[0270] According to the anomaly diagnosis apparatus 
of the machine installation of the invention described in 
(2), to diagnose the presence or absence of an anomaly 
In the machine installation, the diagnosis processing of 
the diagnosis program is performed in the information 
processing terminal installed in the user, so that the user 
is saved from having to transmit the actual measure- 
ment vibration data recording sound or vibration pro- 
duced by the machine installation to be diagnosed to the 
manufacturer, and as labor and time required for trans- 
mitting the actual measurement vibration data to the 
manufacturer are saved, the diagnosis processing can 
be speeded up. 

[0271] The diagnosis processing server to which the 
actual measurement data analysis program, the deter- 
mination program, and the determination criterion data 
required for the diagnosis processing are uploaded is 
used to download the programs and the determination 
criterion data and does not execute the diagnosis 
processing itself and therefore concentrating of the di- 
agnosis processing of a large number of users on one 
information processing apparatus can be circumvented. 
Further, the actual measurement data analysis pro- 
gram, the determination program, and the determination 
criterion data required for the diagnosis processing are 
downloaded into the information processing terminal of 
the user and can be introduced into any desired infor- 
mation processing terminal of the user if the information 
processing terminal has a predetermined communica- 
tion function and program execution performance, and 
the diagnosis processing can be left to any idle informa- 
tion processing apparatus of the user. 
[0272] Therefore, as the diagnosis processing is start- 
ed promptly, it can also be speeded up. 
[0273] Further, concentrating of the diagnosis 
processing of a large number of users on one informa- 
tion processing apparatus need not be considered as 
described early, so that it can be expected that even an 
information processing apparatus having a not so high 
computation processing capability will perform compar- 
atively rapid processing. 

[0274] Therefore, as a system configuration limiting 
the computation processing capability of the information 
processing terminal in moderation in such amannerthat 
a popularly priced personal computer is adopted as the 
information processing terminal, the system construc- 
tion cost can be suppressed to a low cost and at the 
same time, the diagnosis processing can be speeded 
up. 

[0275] In the anomaly diagnosis apparatus of the ma- 
chine installation described in (3), the Internet already 
constructed as a wide-area network and also promoted 
to broadband for realizing high-speed communications 
is used as the network for downloading, so that there is 
no extra cost for constructing, improving, etc., a dedi- 
cated network and it is made possible for a large number 



of users to use the diagnosis system easily and at low 
cost. 

[0276] In the anomaly diagnosis apparatus of the ma- 
chine installation described in (4), it is made possible for 

5 the diagnosis processing server to manage the ver- 
sions, etc., of the diagnosis program and the determi- 
nation criterion data required by the user in more detail 
with the authentication program and the customer data 
in association with each other, for example; it is made 

10 possible to realize reliable downloading the optimum di- 
agnosis program and the determination criterion data 
without placing any burden on the user accessing the 
diagnosis processing server, and service as the manu- 
facturer can be enhanced. 

15 [0277] Further, in the anomaly diagnosis apparatus of 
the machine installation described in (5), illegal repeat- 
ed use or drain of the diagnosis processing program and 
the determination criterion data downloaded into the us- 
er can be prevented and erroneous use of the program 

20 and the data for anomaly diagnosis of a different type of 
machine installation or the tike can be prevented. 
[0278] Therefore, illegal drain of the technology of the 
manufacturer can be prevented and the reliability of the 
diagnosis processing can be enhanced. 

25 [0279] In the anomaly diagnosis methods described 
in (6) and (7), anomaly diagnosis is made based only 
on the frequency component caused by the sliding 
member used with the machine installation, so that the 
calculation load is lightened and the loss of the time re- 

30 quired for analysis can be lessened. The effect of noise 
and the peak of the frequency component not caused 
by the sliding member of the machine installation can 
be lessened and further if the level of the frequency com- 
ponent caused by the sliding member of the machine 

35 installation is small (if the peak level of all spectrum is 
small), the frequency component is reliably captured, so 
that higher-accuracy diagnosis is made possible. 
[0280] In the anomaly diagnosis method described in 
any of (8) to (10), only the peak value of actual meas- 

40 urement data is extracted, whereby extracting of a valley 
point (value) of the spectrum simply because the spec- 
trum level is high can be prevented, and higher-accura- 
cy diagnosis is made possible. 
[0281] Further, in the anomaly diagnosis method de- 

45 scribed in (1 0), the range of the time waveform after AD 
conversion and the spectrum waveform after frequency 
analysis is specified, whereby even for noisy sound, 
non-stationary sound, etc., precise selection of an ab- 
normal sound portion is made possible and higher-ac- 

50 curacy diagnosis is made possible. 

[0282] In the anomaly diagnosis method described in 
to (13), the basic frequency component comparison 
process of checking whether or not the frequency at an 
appearance point of a peak equal to or higher than a 

55 reference level on the actual measurement frequency 
spectrum data matches the basic frequency at which a 
peak appears because of an anomaly in a specific part 
of the sliding member, etc., is executed. If the frequency 
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at the appearance point of the peak equal to or higher 
than the reference level on the actual measurement fre- 
quency spectrum data matches the basic frequency in 
the basic frequency component comparison process, 
subsequently the low-frequency component compari- 5 
son process and the harmonic component comparison 
process are executed. 

[0283] If the low-frequency component comparison 
process and the harmonic component comparison proc- 
ess are executed, whether or not the peak equal to or io 
higher than the reference level in the basic frequency 
on the actual measurement frequency spectrum data is 
caused by any other factor of overlap of frequency com- 
ponents of rotation components, etc., of the sliding 
member, etc., the effect of harmonic, etc., for example, 15 
rather than an anomaly of damage, etc., in the sliding 
member. 

[0284] Thus, when the frequency at the appearance 
point of the peak equal to or higher than the reference 
level on the actual measurement frequency spectrum 20 
data matches the basic frequency in the basic frequency 
component comparison process, further the low-fre- 
quency component comparison process and the har- 
monic component comparison process are executed, 
whereby erroneous diagnosis of assuming that the peak 25 
caused by any other factor of overlap of frequency com- 
ponents of rotation components, etc., of the sliding 
member, etc., the effect of harmonic, etc., is caused by 
an anomaly in the sliding member, etc., can be circum- 
vented and the reliability of diagnosing the presence or 30 
absence of an anomaly in the sliding member, etc., can 
be improved, 

[0285] According to the anomaly diagnosis method 
and apparatus of the machine installation described in 
(14) and (15), the comparison process of checking the 35 
presence or absence of a peak on the actual measure- 
ment frequency spectrum data corresponding to fre- 
quency components occurring when each specific part 
of the sliding member of the machine installation is ab- 
normal is limited to three times of the first-order, second- 40 
order, and fourth-order values of the frequency compo- 
nents occurring when the specific part of the sliding 
member of the machine installation is abnormal and 
therefore the computation processing amount in the 
comparison process is drastically decreased as com- 45 
pared with the related art case where the comparison 
process is repeated for all of a large number of frequen- 
cy components of first-order to high-order frequency 
components, for example. 

[0286] Thus, the load on the computation processing so 
means in analyzing the vibration signal detected from 
the sliding member of the machine installation is light- 
ened drastically and the diagnosis work can be speeded 
up. Since the computation processing amount is de- 
creased, it is made possible to use an inexpensive com- 55 
puter having a low computation processing capability as 
the computer used as the computation processing 
means and it is also made possible to decrease the ap- 



paratus cost. 

[0287] Further, if a determination is made based only 
on the first-order component of frequency components 
occurring under abnormal condition, there is a possibil- 
ity of making an erroneous diagnosis as a peak on the 
corresponding actual measurement frequency spec- 
trum happens to shift or grow due to the effect of noise, 
etc. 

[0288] However, to execute the comparison process 
three times of the first-order, second-order, and fourth- 
order values of the frequency components occurring 
when the specific part of the sliding member of the ma- 
chine installation is abnormal as described above, there 
is almost no probability that the process will receive the 
effect of noise, etc., three times, and the reliability of the 
diagnosis can be improved. 

[0289] In doing as described in (1 6) and (1 7), if an ex- 
traction process of extracting effective peaks based on 
the threshold value is performed, for example, before a 
computation process for comparison for the peaks on 
the actual measurement frequency spectrum data cor- 
responding to the first-order value, the second-order 
value, and the fourth-order value of the frequency com- 
ponents occurring when the specificpart of the sliding- 
member of the machine installation is abnormal is exe- 
cuted, waste of executing the comparison process for 
insignificant peaks can be avoided and the load of the 
computation processing amount is furthermore light- 
ened and speeding up the diagnosis process can be 
promoted. 

[0290] Generally, growing of the peak level on the ac- 
tual measurement frequency spectrum caused by dam- 
age to the sliding member of the machine installation 
becomes most noticeable at the peak corresponding to 
the first-order value of the frequency components 
caused by the anomaly. 

[0291] Thus, as in the anomaly diagnosis method of 
the machine installation described in (18), the level dif- 
ference between the level on the actual measurement 
frequency spectrum data corresponding to the first-or- 
der value of the frequency components occurring when 
the specific part of the sliding member of the machine 
installation is abnormal and the effective value or aver- 
age value of the actual measurement frequency spec- 
trum data is calculated, whereby the magnitude of the 
damage can be estimated efficiently by performing min- 
imum computation processing, and the damaged part 
replacement time is determined from the estimated 
magnitude of the damage, so that excessive parts re- 
placement and maintenance are circumvented and it is 
made possible to reduce the upkeep cost in the machine 
and the installation containing the sliding member of the 
machine installation. 

[0292] According to the anomaly diagnosis apparatus 
of the machine installation of the invention described in 
(19), the sampling means automatically executes re- 
moval of the noise component from the actual measure- 
ment data detected by the vibration detection means 
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from the machine installation containing the sliding 
member based on the reference value set in the sam- 
pling reference setting means. 

[0293] Therefore, the person in charge of diagnosis 
for managing the anomaly diagnosis apparatus of the s 
machine installation need not check the actual meas- 
urement data to remove the noise component each 
time, and the necessity for interrupting processing of the 
anomaly diagnosis apparatus of the machine installa- 
tion to check the actual measurement data does not oc- 10 
cur either. 

[0294] That is, it is not necessary to interrupt process- 
ing of the anomaly diagnosis apparatus of the machine 
installation to remove the noise component from the ac- 
tual measurement data detected from the machine in- is 
stallation containing the sliding member, and the diag- 
nosis processing can be speeded up. 
[0295] Further, the noise component is removed uni- 
formly by machine processing based on the reference 
value, so that the skill degree of the person in charge of 20 
diagnosis does not affect the noise component removal 
rate. Therefore, the noise component removal rate can 
be made constant and the reliability of the diagnosis can 
be stabilized. 

[0296] Since the person in charge of diagnosis need 25 
not check the actual measurement data to remove the 
noise component, an output unitf or displaying the actual 
measurement data detected by the vibration detection 
means in such a manner that the person in charge of 
diagnosis can check the actual measurement data can 20 
be omitted. As the output unit is omitted, the configura- 
tion of the apparatus can be simplified and the appara- 
tus cost can also be decreased. 



Claims 

1. An anomaly diagnosis apparatus of a machine in- 
stallation for diagnosing the presence or absence 
of an anomaly in a sliding member used with the 40 
machine installation using sound, vibration, or tem- 
perature produced from the machine installation, 
said anomaly diagnosis apparatus having: 



one or more sliding members based on the in- 
formation for identifying them, and transmits 
the diagnosis result to said user information 
processing terminal. 

2. An anomaly diagnosis apparatus of a machine in- 
stallation wherein an actual measurement data 
analysis program for analyzing actual measure- 
ment vibration data recording sound or vibration 
produced when a sliding member used with the ma- 
chine installation operates, determination criterion 
data recording information used as a determination 
criterion of the presence or absence of an anomaly 
in the sliding member used with the machine instal- 
lation, and a determination program for comparing 
the analysis result of the actual measurement data 
analysis program with the determination criterion 
data and diagnosing the presence or absence of an 
anomaly in the sliding member are previously up- 
loaded to a diagnosis processing server connected 
to a network in an executable data format in an in- 
formation processing terminal of a user using the 
machine installation so as to enable the programs 
and the data to be downloaded into the user infor- 
mation processing terminal, characterized in that 

the user of the machine installation down- 
loads the actual measurement data analysis pro- 
gram, the determination program, and the determi- 
nation criterion data through the network into the us- 
er's information processing terminal, inputs the ac- 
tual measurement vibration data through an inter- 
face to the user's information processing terminal 
whenever necessary, and executes the actual 
measurement data analysis program and the deter- 
mination program in the user's information process- 
ing terminal for diagnosing the presence or absence 
of an anomaly in the sliding member used with the 
machine installation in the user's information 
processing terminal. 

3. The anomaly diagnosis apparatus of the machine 
installation as claimed in claim 2 wherein the Inter- 
net is used as the network. 

4. The anomaly diagnosis apparatus of the machine 
installation as claimed in claim 2 or 3 wherein an 
authentication program for comparing with custom- 
er information data of information required for au- 
thenticating the user using the machine installation 
and allowing the user to download the actual meas- 
urement data analysis program, the determination 
program, and the determination criterion data when 
authenticating the user accessing the diagnosis 
processing server as the authorized user is built in 
the diagnosis processing server. 

5. The anomaly diagnosis apparatus of the machine 
installation as claimed in any of claims 2 to 4 where- 



a diagnosis processing server and a user infor- 45 
mation processing terminal connected to a net- 
work, characterized in that 
said user information processing terminal 
transmits sound, vibration, or temperature data 
produced from one or more sliding members so 
used with the machine installation and informa- 
tion for identifying the one or more sliding mem- 
bers to said diagnosis processing server, and 
that 

said diagnosis processing server makes an 55 
anomaly diagnosis of the machine installation 
based on the transmitted sound, vibration, or 
temperature data and specification data of the 
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in a protect program for limiting the number of use 
times or the expiration date in the downloading in- 
formation processing terminal is added to the pro- 
grams and the data downloaded from the diagnosis 
processing server into the user information s 
processing terminal. 

6. An anomaly diagnosis method of a machine instal- 
lation for diagnosing the presence or absence of an 
anomaly in a sliding member used with the machine 10 
installation by analyzing sound or vibration pro- 
duced from the machine installation, characterized 

by: 

detecting a signal representing sound or vibra- '5 
tion from the sliding member of the machine in- 
stallation or a member relevant to the sliding 
member of the machine installation; 
finding a frequency spectrum of the detected 
signal or an envelope signal thereof; and 20 
extracting only a frequency component caused 
by an anomaly in the sliding member of the ma- 
chine installation or the member relevant to the 
sliding member of the machine installation from 
the found frequency spectrum and diagnosing 25 
the presence or absence of an anomaly in the 
sliding member used with the machine installa- 
tion based on the magnitude of the extracted 
frequency component. 

30 

7. The anomaly diagnosis method of the machine in- 
stallation as claimed in claim 6 wherein the pres- 
ence or absence of an anomaly is diagnosed by 
comparing with a reference value determined in re- 
sponse to the effective value of the detected signal 35 
or the envelope signal thereof. 

8. An anomaly diagnosis method of a machine instal- 
lation for detecting sound or vibration produced 
from a sliding member of the machine installation 40 
or a member relevant to the sliding member of the 
machine installation, analyzing a detection signal, 
and diagnosing the presence or absence of an 
anomaly caused by the sliding member of the ma- 
chine installation orthe member relevant to the slid- 45 
ing member of the machine installation, character- 
ized by: 

converting an analog signal of sound or vibra- 
tion produced from the sliding member of the ma- 
chine installation or the member relevant to the slid- so 
ing member of the machine installation into digital 
form to generate actual measurement digital data, 
performing appropriate analysis processing of fre- 
quency analysis, envelope analysis, and the like for 
the generated actual measurement digital data to 55 
generate actual measurement frequency spectrum 
data, calculating the level difference between each 
arbitrary data point and its immediately preceding 



data point and a gradient to find a peak value for 
the generated actual measurement frequency 
spectrum data, and comparing a peak value on the 
actual measurement frequency spectrum data for 
the frequency component caused by anomaly in the 
sliding member of the machine installation or the 
member relevant to the sliding member of the ma- 
chine installation, thereby diagnosing the presence 
or absence of an anomaly in the sliding member of 
the machine installation or the member relevant to 
the sliding member of the machine installation. 

9. An anomaly diagnosis method of a machine instal- 
lation for detecting sound or vibration produced 
from a sliding member of the machine installation 
or a member relevant to the sliding member of the 
machine installation, analyzing a detection signal, 
and diagnosing the presence or absence of an 
anomaly caused by the sliding member of the ma- 
chine installation orthe member relevant to the slid- 
ing member of the machine installation, character- 
ized by: 

converting an analog signal of sound or vibra- 
tion produced from the sliding member of the ma- 
chine installation or the member relevant to the slid- 
ing member of the machine installation into digital 
form to generate actual measurement digital data, 
selecting any desired time domain f orthe generated 
actual measurement digital data, performing appro- 
priate analysis processing of frequency analysis, 
envelope analysis, etc., for data in the selected time 
domain to generate actual measurement frequency 
spectrum data, calculating the level difference be- 
tween each arbitrary data point and its immediately 
preceding data point and a gradient to find a peak 
value for the generated actual measurement fre- 
quency spectrum data, and comparing a peak value 
on the actual measurement frequency spectrum da- 
ta for the frequency component caused by anomaly 
in the sliding member of the machine installation or 
the member relevant to the sliding member of the 
machine installation, thereby diagnosing the pres- 
ence or absence of an anomaly in the sliding mem- 
ber of the machine installation or the member rele- 
vant to the sliding member of the machine installa- 
tion. 

10. An anomaly diagnosis method of a machine instal- 
lation for detecting sound or vibration produced 
from a sliding member of the machine installation 
or a member relevant to the sliding member of the 
machine installation, analyzing a detection signal, 
and diagnosing the presence or absence of an 
anomaly caused by the sliding member of the ma- 
chine installation orthe member relevant to the slid- 
ing member of the machine installation, character- 
ized by: 

converting an analog signal of sound or vibra- 
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tion produced from the sliding member of the ma- 
chine installation or the member relevant to the slid- 
ing member of the machine installation into digital 
form to generate actual measurement digital data, 
selecting any desired time domain forthe generated s 
actual measurement digital data, performing appro- 
priate analysis processing of frequency analysis, 
envelope analysis, etc., for data in the selected time 
domain to generate actual measurement frequency 
spectrum data, selecting any desired frequency do- 10 
main for the generated actual measurement spec- 
trum data, filtering assuming that the selected fre- 
quency domain is a filter band to generate new ac- 
tual measurement frequency spectrum data, calcu- 
lating the level difference between each arbitrary is 
data point and its immediately preceding data point 
and a gradient to find a peak value forthe generated 
actual measurement frequency spectrum data, and 
comparing a peak value on the actual measurement 
frequency spectrum data for the frequency compo- 20 
nent caused by anomaly in the sliding member of 
the machine installation or the member relevant to 
the sliding member of the machine installation, 
thereby diagnosing the presence or absence of an 
anomaly in the sliding member of the machine in- 25 
stallation or the member relevant to the sliding 
member of the machine installation. 

11. The anomaly diagnosis method of the machine in- 
stallation as claimed in any one of claims 6 to 1 0 30 
wherein the frequency component caused by 
anomaly in the sliding member of the machine in- 
stallation or the member relevant to the sliding 
member of the machine installation corresponds to 

an abnormal part of the machine installation or a 35 
machine. 

12. The anomaly diagnosis method of the machine in- 
stallation as claimed in any one of claims 6 to 10 
wherein the frequency component caused by 40 
anomaly in the sliding member of the machine in- 
stallation or the member relevant to the sliding 
member of the machine installation is a frequency 
component caused by an anomaly of a bearing 
used with the machine installation. 45 

13. An anomaly diagnosis method of a machine instal- 
lation for diagnosing the presence or absence of an 
anomaly in a sliding member, etc., of the machine 
installation by analyzing sound or vibration pro- so 
duced by the machine installation containing the 
sliding member, characterized by: 

detecting a signal representing sound or vi- 
bration produced by the sliding member, etc., of the 
machine installation, generating actual measure- 55 
ment frequency spectrum data of a frequency spec- 
trum of the detected signal or an envelope signal 
thereof, executing a basic frequency component 



comparison process of checking whether or not the 
frequency at an appearance point of a peak equal 
to or higher than a reference level on the actual 
measurement frequency spectrum data matches 
the basic frequency at which a peak appears be- 
cause of an anomaly in a specific part of the sliding 
member, etc., and when the frequency at the ap- 
pearance point of the peak equal to or higher than 
the reference level on the actual measurement fre- 
quency spectrum data does not match the basic fre- 
quency in the basic frequency component compar- 
ison process, diagnosing the sliding member, etc., 
as no anomaly; 

when the frequency at the appearance point 
of the peak equal to or higher than the reference 
level on the actual measurement frequency spec- 
trum data matches the basic frequency, executing 
a low-frequency component comparison process of 
checking the presence or absence of a frequency 
component having a peak equal to or higher than 
the reference level in a low-frequency range equal 
to or less than the basic frequency on the actual 
measurement frequency spectrum data; 

when the actual measurement frequency 
spectrum data does not have a peak equal to or 
higher than the reference level in the low-frequency 
range equal to or less than the basic frequency in 
the low-frequency component comparison process, 
diagnosing the sliding member, etc., as an anomaly 
in the specific part; 

when the actual measurement frequency 
spectrum data has a peak equal to or higher than 
the reference level in the low-frequency range equal 
to or less than the basic frequency in the low-fre- 
quency component comparison process, further ex- 
ecuting a harmonic component comparison proc- 
ess of determining whether or not the harmonic of 
the frequency component having the peak equal to 
or higher than the reference level in the low-fre- 
quency range equal to or less than the basic fre- 
quency matches the basic frequency; and 

when the harmonic of the frequency compo- 
nent having the peak equal to or higher than the ref- 
erence level in the low-frequency range equal to or 
less than the basic frequency does not match the 
basic frequency in the harmonic component com- 
parison process, diagnosing the sliding member, 
etc., as an anomaly in the specific part; when the 
harmonic matches the basic frequency, diagnosing 
the sliding member, etc., as no anomaly in the spe- 
cific part. 

14. An anomaly diagnosis method of a machine instal- 
lation for detecting sound or vibration produced 
from a sliding member of the machine installation, 
analyzing a detected vibration signal, and diagnos- 
ing the presence or absence of an anomaly caused 
by the sliding member, characterized by: 
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converting an analog signal of sound or vibra- 
tion produced from the sliding member into a digital 
signal to generate actual measurement digital data, 
performing appropriate analysis processing of fre- 
quency analysis, envelope analysis, and the like for 5 
the actual measurement digital data to generate ac- 
tual measurement frequency spectrum data, and di- 
agnosing the presence or absence of an anomaly 
in a specific part of the sliding member of the ma- 
chine installation based on the presence or ab- 10 
sence of a peak on the actual measurement fre- 
quency spectrum data for first-order, second-order, 
fourth-order value of frequency component occur- 
ring when the specific part of the sliding member is 
abnormal. 15 

15. An anomaly diagnosis apparatus of a machine in- 
stallation for detecting sound or vibration produced 
from a sliding member of the machine installation, 
analyzing a detected vibration signal, and diagnos- 20 
ing the presence or absence of an anomaly caused 

by the sliding member of the machine installation, 
said anomaly diagnosis apparatus comprising: 

AD conversion means for converting an analog 25 
signal of sound or vibration produced from the 
sliding member of the machine installation into 
a digital signal to generate actual measurement 
digital data, and computation processing 
means for performing appropriate analysis 30 
processing of frequency analysis, envelope 
analysis, and the like for the actual measure- 
ment digital data to generate actual measure- 
ment frequency spectrum data, and diagnosing 
the presence or absence of an anomaly in a 35 
specific part of the sliding member based on the 
presence or absence of a peak on the actual 
measurement frequency spectrum data for 
first-order, second-order, fourth-order value of 
frequency component occurring when the spe- 40 
cific part of the sliding member is abnormal. 

16. The anomaly diagnosis method of the machine in- 
stallation as claimed in claim 14 wherein after gen- 
erating the actual measurement frequency spec- *s 
trum data, an effective value of the actual measure- 
ment frequency spectrum data is calculated, a 
threshold value is set based on the effective value, 
and the peak on the actual measurement frequency 
spectrum data for the first-order, second-order, so 
fourth-order value of the frequency component oc- 
curring when the specific part of the sliding member 
403 is abnormal is handled as the effective peak 
only when the peak exceeds the threshold value. 

55 

17. The anomaly diagnosis apparatus of the machine 
installation as claimed in claim 15 wherein after 
generating the actual measurement frequency 



spectrum data, the computation processing means 
calculates an effective value of the actual measure- 
ment frequency spectrum data, sets a threshold val- 
ue based on the effective value, and handles the 
peak on the actual measurement frequency spec- 
trum data for the first-order, second-order, fourth- 
order value of the frequency component occurring 
when the specific part of the sliding member is ab- 
normal as the effective peak only when the peak 
exceeds the threshold value. 

18. An anomaly diagnosis method of a machine instal- 
lation for detecting sound or vibration produced 
from a sliding member of the machine installation, 
analyzing a detected vibration signal, and diagnos- 
ing the presence or absence of an anomaly caused 
by the sliding member, characterized by: 

converting an analog signal of sound or vibra- 
tion produced from the sliding member into a digital 
signal to generate actual measurement digital data, 
performing appropriate analysis processing of fre- 
quency analysis, envelope analysis, and the like for 
the actual measurement digital data to generate ac- 
tual measurement frequency spectrum data, and 
then calculating an effective value or an average 
value of the actual measurement frequency spec- 
trum data, setting the calculated effective value or 
average value as a reference level, and estimating 
the magnitude of damage to a specific part of the 
sliding member causing an anomaly to occur from 
the level difference between level on the actual 
measurement frequency spectrum data corre- 
sponding to the first-order value of the frequency 
component occurring when the specific part of the 
sliding member of the machine installation is abnor- 
mal and the reference level. 

19. An anomaly diagnosis apparatus of a machine in- 
stallation for detecting sound or vibration produced 
from the machine installation containing a sliding 
member, analyzing a detected vibration signal, and 
diagnosing the presence or absence of an anomaly 
caused by the machine installation containing the 
sliding member, said anomaly diagnosis apparatus 
comprising: 

vibration detection means for detecting sound 
or vibration produced by the machine installa- 
tion containing the sliding member and output- 
ting an electric signal responsive to the detect- 
ed sound or vibration; 

sampling reference setting means for setting a 
reference value to exclude an area where the 
effect of noise is large from the output signal of 
said vibration detection means; 
sampling means for extracting effective actual 
measurement data with an area where the ef- 
fect of noise is large excluded from the output 
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signal of said vibration detection means based 
on the reference value set in said sampling ref- 
erence setting means; and 
computation processing means for performing 
appropriate analysis processing of envelope 5 
analysis, etc., for the effective actual measure- 
ment data extracted by said sampling means to 
generate actual measurement frequency spec- 
trum data and diagnosing the presence or ab- 
sence of an anomaly in a specific part of the io 
machine installation containing the sliding 
member based on the presence or absence of 
a peak on the actual measurement frequency 
spectrum data for frequency component occur- 
ring when the specific part of the machine in- 15 
stallation containing the sliding member is ab- 
normal. 
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